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Chapter 1

Introduction

1.1  The Need for Aviation System
Capacity Improvement

In 1990, 23 airports each exceeded 20,000 hours of airline
flight delays.! By 2000, the number of airports which could exceed
20,000 hours of annual aircraft delay is projected to grow from 23
to 40, unless capacity improvements are made. The purpose of this
plan is to identify and facilitate actions that can be taken by both
the public and private sectors to prevent the projected growth in
delays. These actions include:

* Airport Development,

* Airspace Development and New Airspace Procedures,
*» New Technology, and

* Marketplace Solutions.

While current forecasts project serious delays in the absence of
capacity improvements, the message shown in the following pages
is positive. For example, much is currently being done to improve
the situation through new construction and Air Traffic Control
(ATC) procedural enhancements. In addition, there are many
emerging technologies in the surveillance, communications, and
navigation areas that will further improve the efficiency of existing
and new runways.

DT 7700077 DL0T0TED B

1. With an average airline operating cost of about $1,600 per hour of delay, this
means that each of these 23 airports incurred a minimum of $32 million
dollars of delay in 1990.
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pter 1 -2
2 Level of Aviation Activity

This plan concentrates on the top 100 airports in the U.S. as
asured by 1989 enplanements, shown in Figure 1-1. The top
) airports® account for 90% of the 454 million airline passengers
o enplaned nationally in 1989.

In 1999, 642 million passengers are forecast to enplane at these
ports.’ This represents a projected -owth in enplanements of
% over the next 10 years.

In 1989, approximately 26 million aircraft operations occurred
these top 100 airports. By 1999, operations are forecast to grow
34 million at the same 100 airports; a projected growth in
erations of 31%.*

1.2.1 Activity Statistics at Top 100 Airports

Of the top 100 airports, enplanements increased at 54 airports
ym Calendar Year (CY)88 to CY89, and decreased at 46.°> Aircraft
erations increased from Fiscal Year (FY)89 to FY90 at 77 air-
irts.”

2. The top 100 wirpurts were chosen based on CY89 pus.enger enplanement
data as listed in Airport Activity Statistics of Certificated Route Air Carriers,
1989 enplanement data. A national map of the 100 airports is pictured in
Figure 1-1, and recent operations and enplanement data are provided in
Table A-1 of Appendix A.

3. Based on VAN Terminal Area Forecast. Current enplanement data, a ten vear

torecast, and percentage growth that the forecast represents are shown in

Table A-2 (Appendix A).

percent change by airport.

5. See Table A-4 (Appendix A) for a ranking by pereentage growth in enplane-
ments at the top 100 airports.

6. Sce Table A-5 (Appendix A) for a ranking by percentage growth in opera-
tions at the top 100 airports. Operations data were unavailable for Agana
Field (NGAY 1n Guam.
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The top 100 airports account
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Figure 1-1. The Top 100 Airports by 1989 Enplanements.
Source: Airport Activity Statistics of Certificated Route Air Carriers, 1989
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1.2.2 Traffic Volumes in the 20 Air Route
Traffic Controi Centers (ARTCCS)

ARTCC volume statistics for 1990 showed that Instrument
ight Rules (IFR) operations increased ot 15 of the 20 Continentai
1ited States (CONUS) ARTCCs over 1+ -9."

In 1989, the number of aircrate ty v under instrument rules
ndled by ARTCCs increased by 0.5% over 1988 to 36.6 million
erations. Commerc.al aircraft handled at the centers decreased by
3%, compared w.th a decline of 5.9% in noncommercial aircraft
ndled. The :.umber of commuter aircraft handled increased by
1%; the number of air carrier areraft handled increased by 3.9%;
¢ number of general aviation aircratt handled declined by 1.2%;
i« the number of military aircraft handled declined by 13.2%.

Aircraft operations at the centers are expected to grow by an
crage of 2.3% a vear between 1990 and 2000. In absolute num-
'1$, center operations are forecast to inerease from 36.6 million
reraft handled in 1989 to 47.8 million in 2000. In 1989, 47.9% of
¢ trathc handled at centers were air carrier flights. This propor-
n is expected to increase only slightly to about 49.8% in 2000. In
189, only 14.2% of the traffic handled were commuter operations.
v the vear 2002, approximately 20.0% of the centers’ workload is
;pected to be generated by commuters. The projected annual
'owth rates by user groups over the forecast period are: air carrier,
4%; commuter/air tax, 3.0%; and general aviation, 2.3%.

7. Figure 1-2 provides 4 map of the 20 CONUS ARTCCs. Figure 1-3 provides a
comparison of the number of operations during FY89 veisus the number of
operations in FY90 at cach of the 20 ARTCCs in CONUS. Figure 1-4 shows
VY90 operations and a 10-vear forecast.
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Instrument Flight Rules (IFR)
operations increased at 15 of
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States (CONUS) ARTCCs over
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In 1989, the number of air-
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ARTCC operations are forecast
to increase from 36.6 million
aircraft handled in 1989 to
47.8 million in 2000.
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Figure 1-2. The 20 Continental U.S. Air Route
Traffic Control Centers
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Figure 1-3. Operations at Air Route Traffic Control Centers
(Source: ATO-130 Air Traffic Activity and Delays Report, Sept. 1990)
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Figure 1-4. Air Route Traffic Control Center Forecasts
(Source: APO ARTCC Forecasts Fiscal Years 1990-2000, April 1991.)
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The busiest Federal Aviation Administration (FAA) ARTCCs in
1989 were: Chicago, Cleveland, Atlanta, and Washington. Fore-
casts for 2000 indicate a change in ranking of the busiest ARTCCs
to: Atlanta, Washington, Los Angeles, and Chicago.

Chicago Center, the busiest FAA ARTCC in 1989, handling 2.6
million aircraft, is projected to handle 3.4 million aircraft by the
year 2000. Oakland Center is forecast to experience the largest
absolute growth, from 1.7 million aircraft operations in 1989 to 2.5
million in the year 2000. This is attributable to the expected
increase in airport hubbing activity in the western United States.
The projected annual average growth rate of the Los Angeles
Center over the period from 1989 to 2000 is significantly higher
(3.4%) than the projected national rate of 2.3%. These growth
rates reflect the increasing importance of the Pacific markets.

Busiest ARTCCs in 1989

Forecast Top ARTCCs in 1999

- 1991 - 92 Aviation System Capacity Plan

The busiest FAA ARTCCs in 1989
were: Chicago, Cleveland,
Atlanta, and Washington.

Forecasts for 2000 indicate a
change in ranking of the
busiest ARTCCs to: Atlanta,
Washington, Los Angeles, and
Chicago.
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1.3  Delay®

1.3.1 Delay by Cause

Weather was attributed as the primary cause of 53% of opera-
tions delayed by 15 minutes or more in 1990, down from 57% in
1989.” Terminal air traffic volume accounted for a record 36% of
delays greater than 15 minutes, (up from 29% in 1989), while air
traffic center volume accounted for 2% of delays. Runway con-
struction was the cause of 4% of delay in FY90, National Airspace
System (NAS) equipment interruptions for 2%, and 3% was attrib-
uted to other causes.

Although flight delays exceeding 15 minutes were experienced
on 404,367 flights in 1990, an increase of 3.3% over 1989, the total
remains below the 1986 level of 418,000. In FY90, weather and
terminal volume increased from 86% to 89% of total delays. Ter-
minal volume was the primary cause of delay greater than 15
minutes 36% of the time in FY90, up from 29% the year before.
With the exception of the split between terminal and center
volume delays, the basic distribution of delay by cause has remained
fairly consistent over the past six years."

8. Operations and enplanement data from the top 100 airports and the 20
CONUS ARTCCs presented in Section 1.1 are measures of airport and system
activity. Delay can be thought of as another systern performance parameter;
as an indicator that capacity is perhaps being reached and even exceeded.
Although no existing dclay reporting system is fully comprehensive, this Plan
aims to identify problem areas through available data, such as the tollowing
delay information and the previously mentioned aviation activity statistics.

9. See Figure 1-5 for the breakdown of Y89 and ¥Y90 primary causes of delay.

10. See Table 1-1 for the 5-year history of this breakdown of delay by primary
cause,

Chapter 1 -9

Weather was attributed as the
primary cause of 53% of
operations delayed by 15
minutes or more in 1990,
down from 57% in 1989.

Terminal air traffic volume
accounted for a record 36%
of delays greater than 15
minutes, (up from 29% in
1989), while air traffic center
volume accounted for 2% of
delays.

Although flight delays exceed-
ing 15 minutes were experi-
enced on 404,367 flights in
1990, an increase of 3.3%
over 1989, the total remains
below the 1986 level of
418,000.
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FY 1989

Terminal Volume (29.0%)

Weather (57.0%)

Center Volume (8.0%)

Closed Runways/Taxiways (3.0%)
NAS Equipment Interruptions (2.0%)
Other (1.0%)

FY 1990

Terminal Volume (36.0%)

Weather (53.0%)

Center Volume (2.0%)

Closed Runways/Taxiways (4.0%)
NAS Equipment Interruptions (2.0%)
Other (3.0%)

Figure 1-5. Primary Cause of Delay of 15 Minutes or

More in FY89 and FY90
Source: Air Traffic Operations Management System (aTOMS) Data




1991 - 92 Aviation System Capacity Plan -

Chapter 1 - 11

Table 1-1. Distribution of Delay Greater Than 15 Minutes by Cause, 1984-1990

Distribution of Delay Greater than 15 Minutes by Cause

Cause 1985 1986 1987 1988 1989 1990
Weather 68% 67% 67% 70% 57% 53%
Terminal Volume 12% 16% 11% 9% 29% 36%
Center Volume 11% 10% 13% 12% 8% 2%
Closed Runways/Taxiways 6% 3% 4% 5% 3% 4%
NAS Equipment 2% 3% 4% 3% 2% 2%
Other 1% 1% 1% 1% 1% 3%
E‘;{:;g’gggs‘;“s 334 | 418 325 322 392 404
percent Change from 7% | +25% | 22% | 1% | +21% | +3%

Nearly 80% of all flights are delayed 1-14 minutes in taxi-in or

1.3.2 Delay by Phase of Flight "

taxi-out phases of flight. Only 5% of flights have any gate-hold Nearly 80% of all flights are
delay. More delays occur during the taxi-out phase than any other delayed 1-14 minutes in taxi-
phase.”? However, since taxi-in delays have remained relatively in or taxi-out phases of flight.

constant at 2.1 to 2.3 minutes, it appears that the real bottleneck

continues to be runway access for take-off.

Taxi-in and taxi-out delay increased slightly from 1989 to

1990, while airborne delay remained about the same during the
period.

11.

The Airline Service Quality Performance (ASQP) data is collected, in general, from airlines with one-percent or more of the
total domestic scheduled service passenger revenue. Airlines reporting as of July 1, 1991 include: Air West, Alaska, American,
Continental, Delta, Midway, Northwest, Pan American, Southwest, TWA, United, and USAir. Actual departure time, flight
duration, and arrival times are reported along with the differences between these and the equivalent data published in the

Official Airline Guide (OAG) and entered in the Computer Reservation System (CRS).

Taxi-in Delay: The difference between touchdown time and gate arrival time, minus a standard taxi-in time for a particular
type of aircraft and airline at a specific airport.

Taxi-out Delay: The difference between the time of lift-off and the time that the aircraft departed the gate, minus a standard
taxi-out time established for a particular type of aircraft and airline at a specific airport.

Airborne Delay: The difference between the time of lift-off from the origin airport and touchdown, minus the computer-
generated optimum profile flight time for a particular flight, based on atmospheric conditions, aircraft loading, etc.
Gate-hold Delay: The difference between the time that departure of an aircraft is authorized by ATC and the time that the
aircraft would have left the gate arca in the absence of an ATC gatchold.

Mins./op: Average delay per operation.

12.  Table 1-2 presents the percentage of operations delayed by 15 minutes or more.




Chapter1-12 199192 Aviation System Capacity Plan

To put this in perspective, there were 26 million operations in
1989. With an average airborne delay of 4.3 minutes per aircraft,
this means that there was a total of over 1.8 million hours of delay,
which, at an estimated $1,600 per hour, cost the airlines $2.9
billion.

Table 1-2. Percent of Operations Delayed

Percent of Operations Delayed 15 Minutes or More
(Total ASQP System)13
Year 1987 1988 1989 1990
Percent Delayed 8.0 8.6 9.7 10.3

Note: All delay measurements were obtained based on a 5th percentile for actual
elapsed times for each city pair and air carrier.

Table 1-3. Average Delay by Phase of Flight

Average Delay by Phase of Flight
(mins. per flight — total ASQP system) 13
Phase 1987 1988 1989 1990
Gate-hold 1.0 1.0 1.0 1.0
Taxi-out 6.6 6.8 7.0 7.2
Airborne 3.9 4.0 4.3 4.3
Taxi-in 2.1 2.1 2.2 23
Total 13.7 14.0 14.6 14.9
Mins./Op. 6.8 7.0 7.3 7.5

13. The Airline Service Quality Performance (ASQP) data is explained in
footnote 11 on the previous page.
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1.3.3 Identification of Forecast
Delay-Problem Airports

In FY1990, the number of airline flight delays in excess of 15
minutes increased compared to 1989 at 14 of 22 major airports."*
The percentage of flights delayed at these airports ranged from
0.1% of flights at Las Vegas to 9.7% at New York-La Guardia.
The three top airports in delays exceeding 15 minutes were in the
New York area.

Forecasts suggest that, in the absence of capacity improve-
ments, delay in the system will continuc to grow.” In 1990, 23
airports each exceeded 20,000 hours of airline flight delays. Assum-
ing no improvements in airport capacity are made, 40 airports are
forecast to each exceed 20,000 hours of airline flight delays by the
year 2000. Figure 1-6 shows delays per 1,000 operations. Fi-
gure 1-7 shows the airports exceeding 20,000 hours of annual
aircraft delay in 1990, while Figure 1-8 shows the airports exceed-
ing 20,000 hours of annual aircratt delay in 2000, assuming there
are no capacity improvements.

14.  Figure 1-6. Delays Per 1,000 Operations.
15.  Table 1-5. 1990 Actual and 2000 Forecast Air Carrier Delay Hours.

7 Chapter 1 -13

In FY1990, the number of
airline flight delays in excess
of 15 minutes increased
compared to 1989 at 14 of 22
major airports. The percent-
age of flights delayed at these
airports ranged from 0.1% of
flights at Las Vegas to 9.7% at
New York-La Guardia.
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Table 1-4.
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Percentage of Operations Delayed 15 Minutes or More.

Percentage of Operations Delayed

15 Minutes or More

Airports
1986 1987 1988 1989 1990
New York La Guardia 8.9 6.5 5.2 9.6 9.7
Newark Intl. 13.8 6.5 6.7 10.6 8.8
New York Kennedy 7.0 6.5 5.3 6.1 7.7
Chicago O’Hare Intl. 5.6 4.6 55 10.3 6.9
San Francisco Intl. 53 6.2 6.3 7.1 5.7
Atlanta Hartsfield Intl. 6.5 6.2 3.5 2.5 3.9
Philadelphia Intl. 2.0 3.7 2.6 2.2 3.6
Boston Logan Intl. 7.3 4.8 3.7 2.9 3.3
Minneapolis Intl. 3.9 0.7 1.4 0.8 3.2
St. Louis-Lambert Intl. 4.4 1.6 2.7 29 2.8
Denver Stapleton Intl. | 3.2 3.7 3.7 2.7 27
Dallas-Ft. Worth Intl. 2.6 2.0 1.4 2.4 2.7
Detroit Metropolitan 1.3 1.5 1.5 1.6 1.9
Houston Intl. 0.2 0.5 0.7 0.6 1.3
Washington National 3.2 2.3 1.5 1.0 1.2
Pittsburgh Intl. 0.6 0.7 0.7 0.8 0.9
Los Angeles Intl. 1.1 3.3 1.7 1.1 0.8
Miami Intl. 0.7 0.4 0.3 0.2 0.7
Cleveland Hopkins Intl. 0.3 0.1 0.5 0.3 0.5
Kansas City Intl. 1.0 0.5 0.2 0.3 0.3
Ft. Lauderdale Intl. 0.3 0.2 0.2 0.3 0.3
Las Vegas McCarran Intl. 0.0 0.1 0.1 0.2 0.1
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Table 1-5. 1990 Actual and 2000 Forecast Air Carrier Delay Hours.
Annua: Aircraft Delay in Excess of 20,000 Hours
1990 2000
Chicago O’Hare ORD Chicago O’'Hare ORD Washington National DCA
Atlanta Hartsfield ATL Dallas-Ft. Worth DFW Kansas City MCI
Dallas-Ft. Worth DFW | Atlanta Hartsfield ATL Cleveland CLE
Los Angeles LAX San Francisco SFO Charlotte-Douglas CLT
Newark EWR Washington Dulles IAD Cincinnati CvVG
San Francisco SFO Newark EWR Honolulu HNL
Boston BOS St. Louis STL Houston IAH
New York John F. Kennedy  JFK Los Angeles LAX Las Vegas LAS
St. Louis STL Phoenix PHX Windsor Locks BDL
Phioenix PHX New York John F. Kennedy  JFK Chicago Midway MDW
Miami MIA Miami MIA Memphis MEM
Philadelphia PHL Philadelphia PHL Baltimore Washington BWI
Washington National DCA Boston BOS Ontario ONT
Pittsburgh PIT Detroit DTW Ft. Lauderdale FLL
Detroit DTW | Pittsburgh PIT Raleigh-Durham RDU
Orlando MCO New York La Guardia LGA San Jose SJC
Minneapolis MSP Orlando MCO | Seattle-Tacoma SEA
Charlotte CLT Minneapolis MSP Dayton DAY
Denver Stapleton DEN Salt Lake City SLC San Diego SAN
Honolulu HNL Nashville BNA Tampa TPA
Houston IAH
Seattie-Tacoma SEA
New York La Guardia LGA
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Atlanta Hartsfield
Boston Logan
Chicago O’Hare
Cleveland Hopkins
Dallas-Ft. Worth
Denver Stapleton
Detroit Metropolitan
Ft. Lauderdale
Houston Int’|

Kansas City

Las Vegas McCarran

Airports

Los Angeles Int’|
Miami Int’|
Minneapolis-St. Paul
New York Kennedy
New York La Guardia
Newark Int'l
Philadeiphia Int’l
Pittsburgh Int’|

San Francisco Int’l

St. Louis Lambert B

Washington National

| o0
[] Frs9

Delays (per 1,000 operations)

Figure 1-6. Delays Per 1,000 Operations

(Source: ATOMS Data)
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Chapter 2

Airport Development

2.1 Airport Capacity Design Teams

The data in the previous chapter indicate that delay increased
slightly in 1990 over the previous year. Forecasts indicate that,
absent of any capacity improvements, delay will increase substan-
tially over the next decade.

These delays are generally attributable to one or more of several
conditions which include weather, traffic volume, restricted runway
capability, and NAS equipment limitations. Each of these factors
can affect individual airports to varying degrees, but much delay
could be eliminated if the specific delay causes were identified and
resources applied to reduce the delay impact deficiency.

Since 1985, the FAA has co-sponsored airport capacity design
teamns at delay-impacted airports across the country. Airport
operators, airlines, and other aviation industry representatives work
together with FAA representatives to analyze the capacity problems
at each individual airport and recommend improvements that have
the potential for reducing or eliminating the delay problem.

2.1.1 Airport Capacity Design Teams —
Potential Savings from Improvements

The Airport Capacity Design Teams identify and assess various

corrective actions which, if implemented, will increase the capacity,
improve operational efficiency and reduce delay at the airports
under study. These changes may include improvements to the
airfield (runways, taxiways, etc.), facilities and equipment (naviga-
tion and guidance aids), and operational procedures. The capacity
teams’ examination of each alternad ve is intended to determine its
technical merits. Environmental, socioeconomic, and political
issues are not evaluated here but in the master planning process.
Alternatives are examined with the assistance of computer simula-
tion provided by the FAA Technical Center at Atlantic City, New
Jersey. In their final report, the capacity team recommends certain
projects for implementation. As can be seen from the summary of
recommendations in Appendix B, the typical design team will
make 20 to 30 recommendations to reduce delay at each airport.
Consequently, it is virtually impossible to summarize the expected
benefits of each of these recommendations in a single table. How-

Chgptgr 2- 1

Delay increased slightly be-
tween 1989 and 1990 and
will increase substantially over
the next decade without
capacity improvements.
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ever, in many cases, the recommended improvements to the airfield
represent the biggest capacity gains, particularly since they fre-
quently incorporate the benefits of improved procedures and
upgraded navigational equipment. The following table summarizes
the delay savings benefits drawn from the final reports of various
design teams and some current studies in progress. Delay savings
are stated in millions of dollars and thousands of hours of delay
saved at the highest future demand level considered by the design
team. A breakdown of the summarized material and additional
information is contained in Appendix E of this report.

Table 2-1 shows potential savings from airfield improvements
recommended by Airport Capacity Design Teams. Figure 2-1
shows the location of Airport Capacity Design Teams in the U.S.
Figure 2-2 is a three-year plan for Airport Capacity Design Teams.
Table 2-2 is the status of Airport Capacity Design Teams.

The Airport Capacity Design Teams have developed more
than 800 projects to increase airport capacity. New runways are
being considered at more than 20 major airports as a direct result of
Design Team efforts.

The status of these projects is given in Appendix B.

1991 - 92 Aviation System Capacity Plan

Airport Capacity Design
Teams have developed more
than 800 projects to increase
airport capacity.
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Table 2-1. Potential Savings from Airfield improvements Recommended by Airport
Capacity Design Teams. '

Demand Savings
Airport Design | Major Recommended = Soll
Team Improvements Baseli i ours ollars
seline | Highest
8 (000) | (SM)
Fifth concourse, commuter/GA
Atlanta terminal and runway complex 750,000 796,500 147.0 $220.5
Third and fourth paralle}
Charlotte runways 430,000 600,000 92.6 $129.7
Detroit Two new runways 409,000 600,000 227.4 $4129
Kansas Cit Four new runways, high speed | 515 609 | 450,000 185.8 $192.0
ansas Ity runway exits ’ ! ’ ’
. New runway, taxiway
Memphis extension, angled runway exit 382,000 510,000 51.5 $85.5
New taxiways, taxiway
Miami extension, improved runway 326,825 532,700 — $41.0
exits, new holding areas
Fourth runway, new taxiways,
Orlando staging areas 294,000 600,000 -— $59.6
New runway, new taxiways,
Phoenix holding area, angied exits, 465,000 650,000 944.7 $1,020.3
widened fillets
. Two new runways, taxiway
St. Louis extensions, angled runway exits 530,000 740,000 2,227.0 $3,294.0
Salt Lake City | how MnWay, revisedtaxiway | 569 600 | 418000 | 6538 $71.7
. New runway, new taxiways,
Seattle-Tacoma high speed exits 320,000 425,000 436.4 $628.4
Washington Dulles | Two new runways 320,000 450,000 14.6 $19.9

1.

The potential annual delay savings in hours and dollars shown in the table represent the sum of the estimated savings benefits

of the major recommended improvements tor each airport. However, the savings benefits of these individual alternatives are
not necessarily additive. They have been totaled here only to give an approximation on a single page of the impact these
improvements could have in reducing delay at these airports.

It should also be noted that the particular combination of computer models and analvtic methods used to calculate the annual
delay costs and benefits is unique to cach airport. Therefore, it is difficult, it not impossible, to compare one airport to another.
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Table 2-2. Status of Airport Capacity Design Teams. 2

Airport Capacity Design Team Status
Completed Ongoing
Atlanta Philadelphia Cincinnati
Charlotte Phoenix Cleveland*
Chicago Raleigh-Durham Fort Lauderdale*
Detroit Salt Lake City Honolulu*
Kansas City San Francisco Houston*
Los Angeles San Juan, P.R. New Orleans*
Memphis San Jose Pittsburgh
Miami Seattle San Antonio*
Nashville St. Louis
Oakland Washington-Dulles
Orlando

2. Airport Capacity Design Status as of 10-31-91.

* Projects recently initiated
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2.2  New Construction — New Airports and
New and Extended Runways

The construction of new airports, as well as new runways and
extensions of existing runways, are the most direct and significant
actions that can be taken to improve airport capacity. Large capac-
ity increases, both under Visual Flight Rules (VFR) and Instrument
Flight Rules (IFR) conditions, come from the addition of new
runways that are properly placed to allow additional independent
arrival and/or departure streams. The resulting increase in capacity
s from 33% to 100% (depending on whether the baseline is a
single, dual, or triple runway configuration.)

Sixty-two of the top 100 airports have proposed new runways
or runway extensions to increase airport capacity.’

Eighteen of the 23 airports exceeding 20,000 hours of air
carrier flight delay in 1990* are in the process of constructing or
planning the construction of new runways or extensions of existing
runways.

Of the 40 airports that are forecast to exceed 20,000 hours of
annual air carrier delay in 2000, if no further improvements are
made, 29 propose to build new runways or runway extensions.’

The total anticipated cost of completing these new runways
and runway extensions exceeds $6.5 billion. The proposed projects
are in various stages of development. Of the 109 known projects,
77 are shown on an approved airport layout plan (ALP), 26 are
known to have completed an environmental impact statement
(EIS), 15 are known to have completed an application for an Air-
port Improvement Program (AIP) grant, and 14 have already begun

construction.’

New paralle] runways were put into service at Cincinnati,
Indianapolis, Las Vegas, and Little Rock in 1990 and early 1991.
All runway extenstons at Baltimore-Washington also became
operational in 1990, and a runway at Cleveland was reconstructed.
Figure 2-3 shows which of the top 100 airports are planning new
runways. Figure 2-4 shows which of the airports forecasted to
exceed 20,000 hours of annual delay in 2000 are planning new
runways. Table 2-3 shows new and extended runways that are
planned or proposed.

Chapter2-7

The construction of new
airports, as well as new run-
ways and extensions of exist-
ing runways, are the most
direct and significant actions
that can be taken to improve
airport capacity.

The resulting increase in
capacity is from 33% to
100%.

Sixty-two of the top 100
airports have proposed new
runways or runway exten-
sions to increase airport
capacity.

Eighteen of the 23 airports
exceeding 20,000 hours of air
carrier flight delay in 1990 are
in the process of constructing
or planning the construction
of new runways or extensions
of existing runways.

3. The airports having runway projects are pictured in Figure 2-3 and summarized in Table 2-3, on page 2-10, with the projected
IFR capacity benefir, the estimated project cost (to the nearest million), and an estimated operational date. Although the single
figure of TFR capacity benefit does not reflect all the many significant capacity benefits resulting from this new construction, it

is provided as a common benchmark.

4. 20,000 hours of flight dclay translates into over $32 million per vear at the cost ot $1600 per hour of airport delay.

As reflected in Figure 2-4, on page 2-9.
6. As reflected in Appendix C.
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Table 2-3. New and Extended Runways Planned or Proposed*

IFR Capacity (ARR/HR)' Est. Est.
New Current Cost Date
Airport Runway Config. Best ($M) Oper.
Albuquerque (ABQ) 3/21 extension 262 262 $11 1991
Albany (ALB) 10/28 extension 26? 26° $2 1997
1R/19L parallel ++ 26° $15 1999
Amarillo (AMA) 13/31 extension ++ 1997
Atlanta (ATL) E/W parallel 63° 52! $130 1995
Austin New Airport (AUS)?  Parallels — 17/35 52! 267 $550* 1997
Baltimore (BW1) 10R/28L 521 26’ $38 1996
Birmingham (BHM) 18/36 extension 262 262 $43 1996
Boston (BOS) 14/32 361 26°
15L extension 267 26*
Buffalo (BUF) S5L/23R 26%* 26%F 1999
14/32 extension 26%8 2628 $4 1993
Charlotte (CLT) 18L./36R extension 527% 5212 $7 1993
18/36 paraliel 78310 528 $17 1996
Chicago Midway (MDW) 221 extension 267 26° $8 1991
Chicago O’Hare (ORD) 9/27 78 52!
14/32 78 521
Colorado Springs (COS) 17L/35R 52! 26° $38 1992
Columbus (CMH) 10L extension 527 36* $8 1995
28R extension 52 36* $3 1994
Dallas-Fort Worth (DFW) 17R/35L extension 52! 52! $24 1991
18L/36R extension 52! 52! $24 1993
Datlas-Fort Worth (DFW) 16L/34R 78 52! $100 1993
16R/34L 78310 52! $95 1997
Denver New (DVX)"? New Airport 78%10 52" $2,500* 1993
Detroit (DTW) 9R/27L 52! 52! $69 1992
4/22 parallel 63° 52! $58 1995
Fort Lauderdale (FLL) 9R/27L extension 52! 26° $26 1995
Fort Myers (RSW) 6/24 extension 267 26° $10 1992
6R/24L parallel 52! 267 $120 1999
+ Sece endnotes 1-11, on page 2-13, which describe the IFR arrival capacity of the current and potential new configurations.

* Cost for New Airport (Phase I) land, terminal, runways, etc.
™ Cost for New Airport Phase [.
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Table 2-3. New and Extended Runways Planned or Proposed (continued)*

IFR Capacity (ARR/HR)! Est. Est.
New Current Cost Date
Airport Runway Config.  Best (M) Oper.
Grand Rapids (GRR) 8L/26R parallel 52! 262 $25 1994
8L/26R extension 26* 267 $30 1995
Greensboro (GSO) 5/23 parallel 52! 262 $20 2010
14/32 extension 26? 267 $14 1998
Greer (GSP) 3/21 parallel 52! 262 $25 1995
Harlingen (HRL) 13L/31R 527 262 $5 1995
13/31 extension 267 26? $7 1995
Houston (1AH) 8L/26R 783 52! $44 1999
9R/27L 52! 52! $44 2002
14R/32L extension 52! 52! $8 1997
Indianapolis (IND) 5L/23R replacement 36* 36* $42 1996
Islip (1SP) 8/24 extension 262 26*
Jacksonville (JAX) 7R/25L parallel 52! 26* $37
Kansas City (MCI) 1R/19L 52! 26> $46 1992
9R/27L 262 262 $60 1999
18L/36R 52! 267 $65 1999
18R/36L 78} 262 $90 1999
Knoxville (TYS) 5R/23L extension 36° 26° $17 1992
Las Vegas (LAS) 1L/19R extension 262 26? 1997
7R/25L ++ 267 $42 1991
Little Rock (LIT) 4R/22L 52! 26° $80 1991
Los Angeles (LAX) 6L/24R extension 52! 52! $4 1995
Louisville (SDF) East parallel 52! 267 $175 1995
West parallel 52! 267 $175 1997
Lubbock (L.BB) 8/26 extension 26° 26’ $6 1995
Memphis (MEM) 18L/36R parallel 527 36* $105 1994
Midland (MAF) 10/28 extension 527 267 $6 1992
Milwaukee (MKE) 7L/25R 527 26° $150 2003
1L/19R extension 267 262 $13 1993
Minneapolis (MSP) 4/22 extension 52! 36* $11 1992
Nashville (BNA) 2C/20C extension 52! 52! $34 1995
2E/20E extension ++ 52!

+  See endnotes 1-11, on page 2-13, which describe the IFR arrival capacity of the current and potential new configurations.
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Table 2-3. New and Extended Runways Planned or Proposed (continued)*

IFR Capacity (ARR/HR)' Est. Est.
New Current Cost Date
Airport Runway Config.  Best (3™ Oper.
New Orleans (MSY) 1719 parallel 521 26° $180 2000
10/28 parallel 52 26° $40 1995
10/28 extension 26? 26? $10 1991
New York Kennedy (JFK) 41/22R extension 527 36*
Newark (EWR) 11/29 extension 52 26°
Norfolk (ORF) 5R/23L 26? 26° $13 1994
14/32 extension 26° 262 $2 1996
Oakland (OAK) 11R/29L ++ 262 $143
Oklahoma City (OKC) 17L/35R extension 52! 52! $24 2001
17R/35L extension 52! 52! $20 2001
17/35 parallel 52! 52! $55 2001
Orlando (MCO) 17L/35R 4th parallel 78 52! $30 1993
Philadelphia (PHL) 8/26 parallel-commuter 521 527 $169
17/35 extension
relocate 91/27R 52! 527 $55 1997
Phoenix (PHX) 85/26S 3rd parallel 52t 26? $88 1994
Pittsburgh (PIT) 10C/28C extension 52! 52! $10 1995
4th parallel 10/28 78 52! $100 1995
14R/32L 521 $100 1995
Raleigh-Durham (RDU) relocate S5R/23L 63° 36* $45 1996
Rochester (ROC) 4R/22L parallel ++ 26° $5 2000
4/22 extension 527 267 $1 1996
10/28 extension 527 26? $2 1994
Salt Lake City (SLC) 16/34 west parallel 63¢ 36* $95 1994
San Jose (SJC) 30R/12L extension 267 26° $10
Sarasota-Bradenton (SRQ) 14L/32R parallel 267 267
Savannah (SAV) 9L/27R parallel 52! 26° $20 2010
18/36 extension 262 262 $4 1995
Seattle-Tacoma (SEA) 16/34 west parallel 36* 26°
Spokane (GEG) 3L/21R 52! 26° $11 1996
St. Louis (STL) 13/31 527 26° $1

+  See endnotes 1-11, on page 2-13, which describe the 1¥R arrival capacity of the current and potential new configurations.
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Table 2-3. New and Extended Runways Planned or Proposed (concluded)*

IFR Capacity (ARR/HR)' Est. Est.
New Current Cost Date
Airport Runway Config. Best (M) Oper.
Syracuse (SYR) 10L/28R 521 26* $5 1997
Tampa (TPA) 18R/36L 3rd parallel 52! 52 $53 1997
Tucson (TUS) 11R/29L parallel 262 262 $143 1995
Tulsa (TUL) 17/35 parallel 783 52! $100 1998
Washington (IAD) 1TW/19W parallel 78 52 $60 2000
12/30 parallel 52! 52!
12/30 extension 52! 52! $7 1992
West Palm Beach (PBI) 91/27R extension 262 262 $4 1994
Total Available Estimated Costs of Construction: $6.4 Billion*

See endnotes 1-11, below, which describe the IFR arrival capacity of the current and potential new configurations.

Information on runway location is unavailable or too tentative to determine IFR multiple approach benefit of this new

+4+
construction project.

* Includes the total costs of the New Austin airport and the New Denver airport, $550 million and $2,500 million, respectively.
Does not include the cost of projects completed in 1989,

1 Estimates of generalized hourly IFR arrival capacity increases are included in Table 2-3. Based on a 1987 report, the IFR arrival
capacity of any single runway that can be operated independently is 26 arrivals/hour; a dependent parallel pair, 36 arrivals/hour;
and independent parallels, 52 (2 x a single runway) arrivals/hour. Other configurations are multiples of the above. These
values are provided to illustrate the approximate magnitude of the capacity increa.e provided. They should not be taken as the
exact capacity of a particular airport since site-specific conditions (e.g., varying fleet mixes) can result in differences from these
estimates.

Endnotes

1. TIndependent parallel approaches [52 IFR arrivals per hour].
2. Single runway approaches {26 IFR arrivals per hour].
3. Triple approaches (currently not authorized) [78 IFR arrivals per hour].
4. Dependent parallel approaches [36 IFR arrivals per hour].
5. Triple approaches with parallel and converging pairs may permit more than 52 IFR arrivals if procedures are developed.
6. Triple parallel approaches with dependent and independent pairs (currently not authorized) [63 IFR arrivals per hour].
7. Converging IFR approaches to minima higher than category (CAT) I ILS [52 IFR arrivals per hour).
8. Added capacity during noise abatement operations.
9. Independent parallel approaches with one short runway.

10. If independent quadruple approaches are approved [104 IFR arrivals per hour].

11.  Independent parallel approaches (3,400 to 4,300 ft.) [52 IFR arrivals per hour].
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23  Civilian Use of Military Airfield Capacity

As indicated in Table 2-3, new airports or new runways or
runway extensions at existing airports, offer the greatest potential for
increasing airport capacity. One element in providing such capacity
is the possible redistribution of some commercial and general
aviation traffic to new or enhanced reliever or satellite airports.

The ability to develop new airports has become increasingly
difficult in recent years. A combination of community opposition,
competing residential and commercial interests, environmental
concerns, and cost factors have significantly constrained develop-
ment of new airports and, in some cases, expansion of existing
facilities.

As part of its overall strategy for capacity enhancement, the FAA
is pursuing an initiative for the implementation of joint-use of
existing military airfields and/or adaptation of former military
facilities to civilian use. This initiative, the Military Airport Program
(MAP), provides for the designation of current or former military
airfields by the Secretary of Transportation for participation in MAP.
Parties wishing to participate apply to the FAA for designation of the
particular facility. In determining whether or not to designate a
facility, the FAA may consider (1) proximity to major metropolitan
air carrier airports with current or projected high levels of air carrier
delay; (2) capacity of existing airspace and traffic flow patterns in the
metropolitan area; (3) the availability of local sponsors for civil
development; (4) existing levels of operation; and (5) existing
facilities as well as any other appropriate factors.

The current 20 joint-use facilities have had a modest impact on
system capacity. Examples of such facilities are Dillingham Army
Airfield, Hawaii, and Rickenbacker Air National Guard Base,
Columbus, Ohio. These facilities provide congestion relief to the

airports at Honolulu and Port Columbus respectively, both projected

to exceed 20,000 hours of air carrier delay before the end of the
decade without further improvements.

Currently two former military airports have been designated
by the Secretary for participation in MAP. These are the former
Stewart Air Force Base near Newburgh, NY, and the former
Ellington Air Force Base at Houston, TX.

A recent General Accounting Office (GAO) report on MAP
observed that for a joint-use facility to have major impact it must be
located in a major metropolitan area and near enough to a congested
airport so as to be a reasonable alternative. The airfield should be in
demand by cither commercial or general aviation which are not
adequately served by an uncongested airport in the area and the
military host should not limit civilian demand. The use of existing
and former joint-use airfields is not a panacea for aviation system
capacity problems but is an integral component in the FAA's strategy
to maximize the safe utilization of the nation’s air capacity system.
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The ability to develop new
airports has become increas-
ingly difficult in recent years.
As part of its overall strategy
for capacity enhancement,
the FAA is pursuing an initia-
tive (the Military Airport
Program (map)) for the imple-
mentation of joint-use of
existing military airfields and/
or adaptation of former mili-
tary facilities to civilian use.
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Chapter 3
Airport and Airspace Capacity

The most direct way to bring about an increase in capacity is to
improve the number of hourly operations at airports. Two initia-
tives that are directly aimed at that end are discussed in this section.
One is to develop and implement capacity-enhancing approach
procedures. The other is to sponsor airspace planning projects that
make use of national and local expertise to improve the operations
of specific airports and the surrounding airspace with an emphasis
on making use of tools and techniques that are available in the near
term.

3.1 Instrument Approach Procedures

In FY90, more than half of all delays were attributed to adverse
weather conditions. These delays are in part the result of instru-
ment approach procedures that are much more restrictive than the
visual procedures in effect during better weather conditions. Much
of the delay could be eliminated if the approach procedures used
during IFR operations were closer to those observed during VFR
operations.

During the past tew years the FAA has developed new, capac-
ity-enhancing approrch procedures. In most cases, these are
multiple approach procedures aimed at increasing the number of
airports and runway combinations that can be used simultaneously,
either independently or dependently, in less thun visual approach
conditions.’ Some of these procedures require new technology or
favorable research results in order to be implemented.

1. In general, depending on the airport aircraft mix, single-runway 1FR
approach procedures allow about 26 arrivals per hour. Hence, two simulta-
neous approach streams, when operating independently ot cach other, double
arrival capacity to 52 per hour. Three streams would allow 78 hourly arrivals,
and so on. Such procedures are called “independent,” because the aireratt in
one stream do not interfere with arrivals in the other. Conversely, “depen-
dent” procedures place restrictions between the aireraft streams, and, as a
result, hourly capacity tor dual dependent approaches is somewhere between
26 and 52 arrivals. In the case of dependent triple streams, the arrival
capacity is somewhere between 52 and 78, depending on airport runway
configurations,
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In FY90, more than half of all
delays were attributed to
adverse weather conditions.

Much of the delay could be
eliminated if the approach
procedures used during IFR
operations were closer to
those observed during VFR
operations.

During the past few years the
FAA has developed new, ca-
pacity-enhancing approach
procedures.
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The following sections present a brief description of the most
promising approach concepts being developed, their estimated
benefits, supporting technology, and candidate sites that might
benefit from the new procedures. The busiest 100 airports are listed
in Table 3-3 (described in Section 3.1.7), together with the new
procedures that each can potentially use. Site specific analysis is
needed to determine which procedures are most beneficial to each

airport.

3.1.1 Wake Vortex Restrictions

Wake vortex hazards limit aircraft spacing and, hence, the
arrival and departure capacities of airports. Better understanding of
the proverties of wake vortices and of aircraft response to them will
result in reduced separation standards based on measured data.
They will also allow the development of a wake vortex alerting
system based on meteorological data. These developments would
make possible reduced in-trail and departure separation and could
possibly reduce the miniraum spacing required between parallel
runways for dependent par:llel operations to as low as 1,000 feet.

Recent efforts have helped improve the understanding of wake
vortices by obtaining the wake vortex signatures of B-757 and
B-767 aircraft and by measuring the characteristics of wake vortices
under varving meteorological conditions. However, much more
research is required before wake vortex associated spacing criteria
can be revised.

3.1.2 Improved Longitudinal Separation

on Wet Runways

Air traffic control procedures include minimum longitudinal
separation standards for aircraft in approach streams inside the final
approach fix. The separation distances vary from 2.5 to 6 nmi,
depending on the relative sizes of the leading and trailing aircraft.
The minimum separations are intended to protect the trailing
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Research is underway to
better understand the proper-
ties of wake vorticies and how
aircraft respond to them. This
could possibly reduce the
minimum separation required
between parallel runways for
dependent parallel operations
to as low as 1,000 feet.

An improvement in the sepa-
ration standard from 3.0 to
2.5 nmi on wet runways
between certain classes of
aircraft is currently undergo-
ing demonstration. This may
permit an increase of 3 to 5
additional arrivals per hour.

From 3.0 nmi
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Improved Longitudinal Spacing on Wet Runways
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aircraft from the leading aircraft wake vortices. The minimum
separation is also set to avoid situations in which the trailing aircraft
lands before the leading aircraft has exited the runway. An im-
provement in the separation standard from 3.0 to 2.5 nmi on wet
runways between certain classes of aircraft is currently undergoing
demonstration at several airports. This improvement can poten-
tially provide capacity gains of three to five arrivals per runway per
hour. Most airports can benefit from the reduced separation
standards.

3.1.3 Parallel Instrument Approaches

Currently, the separation between parallel runways must be at
least 4,300 feet for simultaneous independent operations, and at
least 2,500 feet for dependent parallel operations. The FAA is
actively pursuing ways to reduce the runway spacing required for
independent operations to as low as 2,500 feet and to increase the
capacity of dependent runway configurations by reducing the
required diagonal separation between aircraft on adjacent runways
and the minimum separation distance between runways.

3.1.3.1 Independent Parallel Instrument
Approaches Using a Precision Runway
Monitor

The flexibility inherent in having two independent arrival
streams provides a significant advantage relative to the dependent
ar-ival case in which diagonal separations must be maintained. It
can increase the number of operations per hour from about 26 to
52. These reductions are based on the use of the Precision Runway
Monitor (PRM) (described in Section 4.1.3) in place of the existing
terminal radar and displays.

During 1990, demonstrations conducted at Memphis (MEM)
and Raleigh-Durham (RDU) showed that independent parallel
approaches to runways 3,400 feet apart are possible using this new
radar display technology. As a result, procedures to allow indepen-
dent approaches to parallel runways 3,400 feet apart using the PRM
will be published in 1991. The PRM will be developed into a
production system to support these approaches. The first system
will be commissioned at Raleigh-Durham in 1993, with four
additional airports being added over the next two years.

During 1991, the FAA is conducting simulations at its Techni-
cal Center of independent approaches down to 3,000 feet of
runway spacing using the new technology. These simulations will

The FaA is actively pursuing
ways to reduce the required
spacing between parallel
runways for conducting sim-
ultaneous independent instru-
ment approaches from 4,300
feet to as low as 2,500 feet.

Demonstrations at MEM and
RDU have shown that indepen-
dent parallel approaches to
runways 3,400 feet apart are
possible using the Precision
Runway Monitor (PRM).
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help demonstrate the feasibility of conducting simultaneous parallel
approaches to runways with centerlines as close as 3,000 feet.

Airports that might benefit from PRM implementation are
listed in Table 3-1, segregated by runway separation. Included are
the airports selected to receive the first five systems. The other
airports are preliminary candidates only. Some of the candidate
airports are currently able to operate independent parallel ap-

Twenty-one of the top 100
airports are preliminary candi-
dates for the PrRM.

proaches. Therefore, PRM use would apply only if these airports
stopped operating their largest-spaced runways (4,300 feet or more)
and instead activated parallel runways that are closer to each other.

Table 3-1. Candidate Airports for Independent Parallel Approaches
Using the Precision Runway Monitor (PRM)

Runway Separation 3,400 to 4,299 feet?

Runway Separation 3,000 to 3,399 feet?

Selected Site
Selected Site

Atlanta (ATL)?
Baltimore (BW1)?
Detroit (DTW)

Fort Lauderdale (FLL)
Memphis (MEM)
Milwaukee (MKE)
Phoenix (PHX)
Pittsburgh (pIT) *
Raleigh-Durham (RDU)  Selected Site
Salt Lake City (SLC)

Tampa (TPA)

Selected Site

Denver (DVX)*

Harlingen (HRL)

Long Beach (LGB)

Minneapolis-St. Paul (MSP)  Selected Site®
New York (JFK)

Philadelphia (PHL)?

Portland (PDX)

Runway Separation 2,500 to 2,999 feet?

Columbus (CMH)
Dallas-Love Field (DAL)
Indianapolis (IND)

2. Some of the airports in each spacing category may also have parallel runways
with a different spacing category. However, airports are listed only one time
under the spacing category most likely to be used, that is, runways with the

largest spacing category.

Applicable upon construction of new runway(s).

4. Runways are 5,540 feet apart; a new runway is planned that will create a

parallel set separated by 3,100 fect or 4,300 feet.

5. Runways at MSP are 3,380 feet apart; waiver is required for PRM.
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3.1.3.2 Dependent Parallel Instrument
Approaches

Existing rules for dependent IFR operations require that the
spacing between parallel runways be at least 2,500 feet and the
diagonal separation between aircraft on adjacent approaches be at
least 2.0 nmi . The diagonal separation requirement places speed
and in-trail restrictions on aircraft which reduce the arrival rate and
operational flexibility of dependent parallel approaches, limiting the

capacity increase associated with using two arrival streams.

Demonstration programs carried out in 1990 have shown that
this diagonal separation can be safely changed to 1.5 nmi for
runways at least 2,500 feet apart. This spacing would permit
approximately four additional arrivals per hour compared to 2.0
nmi spacing. Procedure changes that will permit a 1.5 nmi diagonal
separation for these runways will be issued in 1992.

A preliminary analysis has been made of the capacity gains that
might be achieved by dependent operations on parallel runways
1,000 to 2,499 feet apart. The analysis has shown that arrival
capacity increases of 46 to 65 percent are possible relative to single
runway operations for diagonal separations between aircraft of 1.5
and 2.0 nmi respectively. Work is underway to validate these results
and to determine whether such operations are feasible.

. Chapter3-5

Demonstrations have shown
that a reduction in diagonal
separation from 2.0 to 1.5
nmi for runways at least 2,500
feet apart would permit ap-
proximately 4 additional
arrivals per hour.

A preliminary analysis has
shown that arrival capacity
gains of 46% to 65% are
possible relative to single
runway operations for depen-
dent operations on parallel
runways 1,000 to 2,499 feet
apart.

a) greater than 2,500 ft.
b) 1,000 ft. to 2,499 ft.

Dependent Parallel Instrument Approaches
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3.1.4 Triple and Quadruple instrument
Approaches

At some airports, combinations of independent parallel and
converging instrument approaches could be used to implement
triple or quadruple arrival streams with multiple departure streams.
The primary applications of this concept involve airports that have
independent arrival streams to parallel runways. For such airports, a
favorably located additional parallel runway or a converging runway
may be used for an additional arrival stream. The use of triple
parallel approaches would result in a 50 percent increase in arrival
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The use of triple parallel
approaches would result in a
50% increase in arrival capac-
ity; quadruple approaches
would provide a 100% in-
crease in IFR conditions com-
pared to dual independent
approaches.

Triple Parailel Approaches

Combination Parallel and

X\ Non-Parallel Approaches k\

Triple Instrument Approaches

capacity, whereas quadruple approaches would provide a 100
percent increase in IFR conditions compared to dual independent
approaches.

Several airports, such as Atlanta, Dallas-Fort Worth, and
Pittsburgh are planning on building parallel runways that will give
them the capability of conducting triple and quadruple simulta-
neous parallel approaches. Dallas-Fort Worth has an existing
configuration for triple approaches, as does Chicago O'Hare. Triple
approaches using two parallel runways and one converging runway
were approved at Dallas-Fort Worth in 1989. Preliminary analysis
indicates that, of the top 100 airports, 15 are possible candidates for
these type approaches.

Fifteen of the top 100 airports
are possible candidates for
triple or quadruple parallel
approaches.
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Work is currently underway to develop procedures and provide
new technology that will optimize the use of these new runways.
Sirmulations at the FAA Technical Center in 1988 and 1989 have
resulted in the approval of triple and quadruple simultaneous
parallel approaches at Dallas-Fort Worth. This approval is contin-
gent upon construction of Runway 16L 5,000 feet from, and
parallel to, Runway 17L, and Runway 16R 5,800 feet from, and
parallel to, Runway 18R.

The success of the 1988 and 1989 simulations has led to
further simulations to develop generic procedures. This develop-
ment process involves the use of the latest technology equipment
such as Precision Runway Monitors and high resolution color
displays for controllers. The goal is to develop generic procedures at
the closest runway spacings while maintaining an equivalent or
increased level of safety compared to today’s operations.

3.1.5 Converging Approaches

Converging runway approach improvements must take account
of the wide variety of converging runway configurations that are in
use. Numerous factors must be considered in designing approaches
for a particular runway configuration. There is often a tradeoff
between the minimum ceiling and visibility that can be achieved
and the landing capacity, particularly in determining whether
dependent or independer - converging IFR approaches can be used.
The FAA is actively pursuing ways to increase capacity for a wide
variety of configurations while achieving the lowest possible land-
ing minimums. At some airports it might be feasible to increase
capacity at Category I landing minimums using technology that
reduces the variability between successive operations. Procedural
changes are being implemented that widen the range of weather
conditions in which higher than previously achievable landing rates
may be achieved for intersecting runways.

Simulations at the FAA Techni-
cal Center have resulted in the
approval of triple and qua-
druple simultaneous parallel
approaches at DFW.

Technology that reduces the
variability between successive
operations is being considered
to increase capacity at Cat-
egory | landing minimums.
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3.1.5.1 Dependent Converging Instrument
Approaches

The landing minima for certain converging runway configura-
tions are currently quite high due to the need to insure that aircraft
on each approach are safely separated in the event of simultaneous

missed approaches.® In return for the high minima, independent Capacity increases of approxi-

landing operations are pessible. Typically, independent ~onverging ma'fe'y 10 arrfvals per hour are
IFR approaches are feasible only when ceilings are above 600 feet _aCh'evame using the Converg-
depending upon runway geometry. As an alternative precision ing Runway Display Aid (CRDA)

approach procedure, dependent operations could be conducted to undergoing testing at sTL.

much lower minima, usually down to Category I, expanding the
period of time during which the runways can be used. However, in
order to conduct these dependent operations efficiently, controllers
need an automated method for ensuring that the aircraft on the
different approaches remain safely separated. Without such a
method, the separation of aircraft would be so large that little

capacity would be gained.
o™
Q'\(\z\'o\‘("QF
QO Mirrored Positions
IS
Rl

o

-~
o Runway B Final Approach
Course B

Converging Instrument Approaches

A program is underway at St. Louis (STL) to evaluate depen-
dent operations using a controller automation aid, the Converging
Runway Display Aid (CRDA) (also called ghosting or mirror
imaging and described in Section 4.1.2.1), to maintain aircraft

6. Simultaneous converging approaches are designed using the “TERPS + 3"
criteria. This refers to the need for missed approach points to be separated by
at least 3 nmi and for missed approach obstacle-free surfaces not to overlap.
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stagger on approach. National implementation is planned for late
1992. It is estimated that capacity increases of approximately 10
arrivals per hour over single-runway arrival capacity are achievable
with this procedure.

Airport surveys show that there is a high level of interest in the
use of the CRDA at the twenty three airports listed in Table 3-2.
Not all of these airports would necessarily show a capacity benefit
however, because the surveys considered airport-specific needs that
might uut be directly rclated to capacity, an improved noise impact,
for example.

The CRDA concept may also have applications under VFR. For
example, it could be used at airports with intersecting runways that
have insufficient length to allow hold short operations. Insufficient
runway length between the threshold and the intersection with
another runway can be ignored if arrivals are staggered such that
one is clear of the intersection before the other crosses its respective

threshold.

- 7Ch§pter 3- 9

Twenty-three of the top 100
airports have shown an inter-
est in the use of CRDA.

CRDA may also be used at
airports with intersecting
runways that have insufficient
length to allow hold short
operations.

Table 3-2. Candidate Airports for Dependent Approaches Using the

Converging Runway Display Aid (CRDA)

Airports with a High Potential for Using the CRDA

Milwaukee (MKE)

Baltimore (BWI) Minneapolis-St. Paul (MSP)
Boston (BOS) New York (JFK)

Chicago Midway (MDW) New York La Guardia (LGA)
Chicago O’Hare (ORD) Newark (EWR)

Cleveland (CLE) Oakland (OAK)
Dallas-Fort Worth (DFW) | Philadelphia (PHL)
Dayton (DAY) Pittsburgh (PIT)

Denver (DEN) Portland (PDX)

Houston (HOU) St. Louis (STL)
Memphis (MEM) Wiashington Dulles (IAD)
Miami (MIA) Windsor Locks (BDL)
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3.1.5.2 Simultaneous Operations on
Intersecting Runways (SOIR)

‘The FAA is currently investigating the capacity ramifications of
a number of proposed changes governing simultaneous operations
on intersecting runways (SOIRs). Approved SOIRs, which include
simultaneous takeoffs and landings and/or simultaneous landings,
are authorized when a landing aircraft is able to and is instructed by
the controller to hold short of the intersecting runway. Currently,
SOIR are permitted only on dry runways. Demonstrations of
simultaneous operations on intersecting wet runways (SOIWR)
conducted at Boston Logan, Greater Pittsburgh, and Chicago
O’Hare airports have pointed out the viability of standardizing
these type operations. Procedural development is underway, and a
national standard is expected in 1992.

Aircraft are classified into one of six SOIR groups which dictate
the minimum landing distance that must be available in order for
an aircraft in that group to be eligible to hold short. Proposed
restructuring of these groups would more closely match the perfor-
mance characteristics of aircraft by specifying minimum runway
length requirements which differentiate between propeller and jet
aircraft, between dry and wet runway conditions, and between
different aircraft landing configurations. The runway length avail-
able on a hold short runway is currently measured from runway
threshold to the nearest edge of the intersecting runway. Additional
proposals would reduce this available runway length by requiring
atrcraft to hold short of Runway Safety Areas and Obstacle Free
Zones bordering the intersecting runway.

Sixty of the top 100 airports currently conduct hold short
operations and would be affected by these changes.The largest
capacity benefits would be realized at airports where propeller
aircraft use the hold short runway.

3.1.6. Expanded vrrR Approach Procedures

It is generally recognized that airport capacities in Instrument
Meteorological Conditions (IMC) are well below those achieved in
Visual Meteorological Conditions (VMC). However, once weather
conditions fall below visual approach vectoring minima, even if
conditions are still VFR, an airport whose parallel runways are
separated by less than 2,500 feet generally has fewer options for
conducting its multiple approaches. For example, San Francisco
International (SFO) uses its Runways 28L and 28R about 85 percent
of the time for simultaneous visual approaches. These runways are
separated by 750 feet. Once the ceiling is less than 500 feet above

Procedural development is
underway for conducting
simultaneous operations on
intersecting wet runways.

Efforts are underway to re-
structure the six SOIR groups.
Sixty of the 100 airports
would be affected by these
changes.

Procedures are being devel-
oped for instrument ap-
proaches to sTL and sfo for
runways separated by less
than 2,500 feet. They consist
of an LDA approach to one
parallel runway and an ILS
approach to the adjacent
parallel runway.
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the minimum vectoring altitude the airport is forced to go to a
single runway operation because aircraft may no longer be vectored
for visual approaches to both parallel runways.

A special solution to this problem has been developed and is in
use at St. Louis Lambert Field (STL). (STL has parallel ranways
separated by 1,300 feet.) It involves the use of a Localizer Direc-
tional Aid (LDA) approach to one paralle] runway and an ILS
approach to the adjacent parallel runway. The localizer is offset
from the runway centerline to provide increased separation far from
the runway. Thesc approachces are conducted simultaneously and
utilize the procedures and equipment associated with simultaneous
parallel approaches to runways separated by at least 4,300 feet;
however, the STL procedure also requires the use of visual separa-
tion at or prior to the point where the separation between the final
approach courses reaches 4,300 feet (the missed approach point).
The minimums for the LDA approach is as low as a 1,200 foot
ceiling and 4 miles of visibility.

A similar procedure has been proposed for San Francisco, and
procedures are being developed with an anticipated implementa-
tion date of August 1992.

Point in space and other approach concepts applicable in
marginal VFR conditions may be enhanced through the application
of emerging technologies such as Traffic Alert and Collision
Avoidance System (TCAS) (Section 4.1.5), Microwave Landing
System (MLS) (Section 4.1.4), and the Converging Runway Dis-
play Aid (CRDA) (Section 4.1.2.1). These procedures are yet to be
developed.

3.1.7 Approach Procedure Applicability at
the Top 100 Airports

Table 3-3 shows the applicability of current and proposed
procedures for the top 100 airports. The first column shows the
current best hourly arrival capacity and the approach procedure
utilized to achieve that capacity. The following columns show
which of the proposed procedures discussed in the previous sections
are applicable. It is important to bear in mind that this table is
based on runway approach diagrams; factors such as noise, obstruc-
tions, and community concerns were not considered. Some airports
may not be using their “current best” approach procedures. For
these same reasons, the airports where the PRM might be applicable
(Table 3-1) and where significant interest was shown for the CRDA
(Table 3-2) are not identical to those shown in Table 3-3. In
addition, the actual aircraft fleet mix at each airport was not used,
the capacity figures are standard figures which are reasonable
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approximations of real capacity. The objective of the table is to
provide initial information on the applicability of approach proce-
dures being developed by the FAA. The estimated capacities should
be used for comparison only.

An asterisk (*) indicates that the proposed approach procedure
in the column in question is applicable at a given airport. A “p”
indicates that the approach procedure may be applicable if and
when proposed construction/extension plans actually take place.
Some of this construction is in progress, while other is only at the
proposal stage. A blank space indicates either that the runways do
not support the proposed procedure, it is a borderline application,
or there is not enough information to determine applicability.
Finally, in order to highlight new approach procedures that would
provide better capacity than any other procedures (current or
proposed), an asterisk was replaced by a capacity number wherever
the new procedure can provide higher capacity than any other. The
number indicates the hourly arrival capacity of the procedure in
question. It is easy to identify the most beneficial improvement by
looking at the “New Approach Procedure” section in each row.
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Table 3-3. Potential Siting of New IFR Approach Procedures and
Their Associated IFR Arrival Capacity’

Current Best IFR New Approach Procedures?
Airport Arrival Capacity  Dependent independent

Airport Location Code (App Procedure)? Parallel Parallel CRDA TERPS+3 Triples
Agana (Guam) NGM 26 (S)
Albany ALB 26 (S) 34
Albuquerque ABQ 26 (S)
Anchorage ANC 26 (S) 52
Atlanta ATL 52 (IP) * *p 63p
Austin (new airport) AUS 52 (P)
Baltimore BWI 26 (S) 52p *
Birmingham BHM 26 (S)
Boise BOI 26 (S)
Boston BOS 26 (S) 36 *
Buffalo BUF 26 (S) 34
Burbank BUR 26 (S) 34
Charieston CHS 26 (S) 34
Charlotte Cir 52 (IP) * * 78p
Chicago Mow 26 (5)
Chicago ORD 52 (ip) * 78
Cleveland CLE 26 (S) 34
Colorado Springs cos 26 (S) *p * 52
Columbia CAE 26 (S) 34
Columbus CMH 36 (DP) * 52
Dallas DAL 36 (DP) 52
Dallas-Fort Worth DFW 52(P) * 78p
Dayton DAY 52 (IP) * *
Denver (new airport) | DVX 52 (\P) * 78
Des Moines DSM 26 (S) 34
Detroit DTW 52 (IP) * * * 63p
El Paso ELP 26 (S) * 52
Fort Lauderdale FLL 26 (S) 52 *
Fort Myers RSW 26 (S) 52p
Grand Rapids GRR 26 (S) 52p
Greensboro GSO 26 (S) 52p *
Greer GsP 26 (S) 52p
Harlingen HRL 26 (S) * * 52
Hilo ITO 26 (S) 34
Honolulu HNL 52 (IP) *
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Table 3-3.  Potential Siting of New Irr Approach Procedures and
Their Associated IFR Arrival Capacity! (continued)

Current Best IFR New Approach Procedures?
Airport Arrival Capacity  Dependent Independent

Airport Location Code (App Procedure)? Parallel Parallel CRDA TERPS+3 Triples
Houston HOU 26 (S) 34
Houston 1AH 52 (IP) > 78p
Indianapolis IND 36 (DP) *
Islip ISP 26 (S) 34
Jacksonviile JAX 26 (S) 52
Kahului occ 26 (5) 34
Kailua-Kona KOA 26 (S)
Kansas City MCI 26 (S) *p 52
Knoxville TYS 26 (S) 36
Las Vegas LAS 26 (S) 34
Lihue LK 26 (5) * 52
Little Rock T 52 (IP)
Long Beach LGB 26 (S) * 52 *
Los Angeles LAX 52 (IP)
Louisville SDF 26 (S) 52p *
Lubbock LBB 26 (5)
Memphis MEM 36 (DP) * * 52
Miami Mia 52 (IP) * *
Midland MAF 26 (S) * * 52
Milwaukee MKE 26 (S) * * * 52
Minneapolis-St. Paul | Msp 36 (DP) 52 *
Nashvilie BNA 52 (Ip) * *
New Orleans MSY 26 (S) *p 52
New York JFK 36 (DP) * * 52
New York LGA 26 (S) 34
Newark EWR 26 (S) * 52
Norfolk ORF 26 (S) 34
Oakland OAK 26 (S) * 52
Oklahoma City OKC 52 (IP) *
Omabha OMA 26 (S) 36 *
Ontario ONT 26 (S)
Orlando MCO 52 (IP) * 78p
Philadelphia PHL 52 (IC) * *p *
Phoenix PHX 26 (S) 52
Pittsburgh pIT 52 (IP) * * * 63p
Portland PDX 36 (DP) 52 *
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Potential Siting of New IFR Approach Procedures and

Their Associated IFR Arrival Capacity' (continued)

Current Best IFR

New Approach Procedures?

Airport Arrival Capacity  Dependent Independent
Airport Location Code (App Procedure)? Parallel Parallel CRDA TERPS+3 Triples
Portland PWM 26 (S) 34
Providence PVD 26 (S) 36 *
Raleigh-Durham RDU 36 (DP) * * 63p
Reno RNO 26 (S) 34
Richmond RIC 26 (S) 52
Rochester ROC 26 (S) * 52
Sacramento SMF 52(P)
Salt Lake City SLC 36 (DP) * * 63p
San Antonio SAT 26 (S) * 52
San Diego SAN 26 (S)
San Francisco SFO 26 (S) 34
San Jose SiC 26 (S)
San juan SjU 26 (S) 52
Santa Ana SNA 26 (S)
Sarasota-Bradenton SRQ 26 (S)
Savannah SAV 26 (S) 52p *
Seattle-Tacoma SEA 26 (S) 36p
Spokane GEC 26 (S) 52p
St. Louis STL 26 (S) * * 52
Syracuse SYR 26 (5) 52p *
Tampa TPA 52 (IP) * * *
Tucson TUS 26 (S)
Tulsa TUL 52 (IP) * 78p
Washington DCA 26 (S) 34
Washington 1AD 52 (IP) * 78p
West Palm Beach PBI 26 (S) 34
Wichita IcT 52 (IP) *
Windsor Locks BDL 26 (S)

i. Generic (not airport-specitic) capacities arc used here to provide a
basis of comparison only. These capacitics, derived through the

FAA Airtield Capacity Model, use a standard aireraft mix.

Generally, runways not suitable for commercial operations were
not considered. Also, factors such as winds and noise constraints

are not taken into account.

2. Current Best Approach Procedure Abbreviations:

S - Single runway

DP - Dependent Parallel runways
IP - Independent Parallel ranways

1C - Independent Converging runways

* An Asterisk (*) indicates proposed new approach procedures
applicable at the airport in question; however, it also means that
cither the current best procedure, or another proposed approach
procedure (under new rules), provides cqual or better arrival capacity.

* A number indicates the hourly arrival capacity provided by a new
approach procedure, when such capacity is larger than the one
provided by other procedures (current or new), applicable at the
airport i question,

+ A p"indicates that the approach procedure will be applicable if and
when planned runway construction/extensions take plice at the
alrport in question.
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3.2  Airspace Planning

Airspace design involves extensive coordination between air
traffic controllers and airspace planners. Several efforts are under-
way to improve the efficiency of the airspace system. Airspace
Capacity Design Projects are either completed or underway at 20
major areas in the United States. Annual flight delay savings from
the individual projects range into thousands of hours and millions

of dollars.

A variety of computer models have been used to analyze a
broad spectrum of capacity solutions. Since 1986, the System
Capacity and Requirements Office hus been applying the SIMMOD
model to large scale airspace redesign issues. The first such project
was an analysis of the Boston ARTCC in support of the expansion of
that facility’s airspace. That study identified benefits ranging from
$23 million to $123 million depending on demand projections.
Similar studies were initiated at the Los Angeles, Fort Worth, and
Chicago ARTCCs studying issues as diverse as resectorization,
special use airspace restrictions, new routings, complete airspace
redesigns, and new runway construction. Computer modeling has
been used to quantify delay, travel time, capacity, sector loading,
and aircraft operating cost impacts of the proposed solutions.

The most productive solutions have generally involved addi-
tional runways. For example, the construction of even one new
runway in Chicago would result in savings of up to $54 million per
year without considering any increase in traffic. On the other hand,
efficiencies have been identified in airspace design. For instance,
depending on demand projections, the restructuring of Los Ange-
les Center airspace will save between $23 million and $41 million
per year assuming no growth in runway capacity.

At Dallas-Ft. Worth, effects of the Metroplex plan were
sti-died both with and without new runway construction. Results
indicated an immediate savings of $13 million per year resulting
from airspace changes aluiic. By the year 2010, the total plan would
have saved a cumulative $5.2 billion in delay; $1.7 billion attribut-
able to airspace, and $3.5 billion to the construction of two new air
carrier runways. This demonstrates the “system” nature of the delay
problem.

The FAA plans to institutionalize thesc activities by expanding
the capability of its Technical Center in Atlantic City, N.J. Under
the guidance of a policy level work group in Washington, the
Technical Center, and soon the National Simulation Laboratory,
will provide the FAA with the in-house resources to conduct studies
using a varicty of models.

During 1991, studies were completed at the Kansas City,
Houston, and Oakland ARTCCs. What follows are excerpts from
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Airspace Capacity Design
Projects are either completed
or underway at 20 major
areas in the United States.

A study of the Boston ARTCC
identified benefits ranging
from $23 million to $123
million.

The construction of one new
runway in Chicago would
result in savings of up to $54
million per year.

The restructuring of Los Ange-
les Center airspace will save
between $23 million and $41
million per year.

Studies of the effects of the
Metroplex plan on Dallas-Ft.
Worth have shown that an
immediate savings of $13
million per year are possible
from airspace changes alone.
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those analyses. It should be noted that the FAA considers alterna-
tives based on technical feasibility. No analysis of political or social
considerations are reflected in this data.

3.2.1 Kansas City Area Airspace

The objective of the Kansas City Airspace Capacity Project was
to evaluate operational alternatives in the St. Louis Terminal Radar
Approach Control (TRACON), Kansas City TRACON and Kansas
City ARTCC airspaces, aimed at increasing capacity, reducing delay,
and improving the overall efficiency of air traffic operations. To
meet this objective, three major simulation analyses were con-
ducted. The first involved evaluating delay and capacity impacts at
Lambert-St. Louis Airport associated with relocating arrival fixes
based on a four cornerpost VOR system, implementing dual arrival
routes over the cornerposts, and developing new departure routes.

Table 3-4 illustrates the projected cost and delay savings associated
with these changes through 1995.

Table 3-4. Delay and Cost Savings for Lambert-St. Louis Traffic for
Alternative Improvement Options

Improvement Option Daily Delay Savings in Hours
Demand Airspace Flows over Departure Annual Cost

Year Routes Arrival Fixes Gates VFR Weather  IFR Weather  Average Day* Savings**

1990 (base) Old Dual Old 2 0 2 $1 Million
New Dual New 14 0 12 $7 Million

1992 (+8%) old Dual Old 10 0 9 $5 Million
New Duat New 31 0 26 $15 Million

1995 (+22%) o Duai Old 23 0 20 $12 Mitlion
New Dual New 137 0 116 $68 Million

*

Delay on the average day is calculated based on VFR and IFR conditions occurring 85% and 15% of the time, respectively.

**  Marginal aircraft operating cost savings are based on flight costs of $1,600 per hour.

The second analysis evaluated proposed airport/airspace
improvements designed to increase capacity at Kansas City Inter-
national Airport. Improvements included adding an independent
parallel north-south runway, establishing a four cornerpost VOR
system, realigning airspace, and re-routing traffic around the
Truman Military Operations Area (MOA).

The third analysis entailed an evaluation of modifications of
Kansas City ARTCC traffic flows to align with the St. Louis and
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Kansas City TRACON arrival and departure changes, re-routing of
overflight traffic based on specific destination criteria, and raising
the ceiling on low altitude sectors from F1.230 to FL270. After
final analysis in March 1991, Kansas City ARTCC has decided to
leave the low altitude sector ceilings at FL230. However, they now
have re-stratified the four high altitude sectors which work arrivals
and departures into and out of Chicago. The sectors, located in
central Illinois and northeastern Missouri, have been redesigned to
include two high altitude sectors from FL240 to FL330 (primarily
designated for arrivals and departures into and out of Chicago, St.
Louis, and Kansas City) and two sectors overlying those from
FL350 and above (primarily designated for coast to coast
overtraffic). The initial realignment of high altitude sectors was
effective in August of 1991. All phases of the resectorization plan
should be in effect by March 1, 1992.

3.2.2 Houston/Austin Airspace

To meet the Houston/Austin Airspace Capacity Project
objective of quantitatively evaluating the capacity and delay impacts
of operational alternatives in the Houston and Fort Worth Centers
and in the Austin TRACON, two simulation analyses were con-
ducted. The first involved evaluating the capacity gains and delay
reductions that would result from construction of the new Austin
airport at Manor, Texas, including redesigning airspace structures,
routings, and procedures in the Austin TRACON. The second
analysis involved analyzing the impacts of potential re-routing of
specific Austin bound traffic from the east coast through the Fort
Worth Center instead of via the present routing through the
Houston Center.

Delay and cost savings were estimated for these changes under
the assumptions that Austin would become a hub airport and that
it would not become a hub airport. These results are summarized in
Tables 3-5 and 3-6, respectively, for the years 1990 through 2010.
The results show substantial benefits under either scenario, but the
cumulative cost savings under the hub scenario are more than six
times as large as under the non-hub scenario, $2,795 million versus

$423 million.
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Table 3-5. Delay and Cost Savings for the New Austin Airport/Airspace System at
Hub Traffic Demand Levels

Traffic Demand* Average Daily Delay Savings** Annual Cost Savings***
1990 11 Hours $7 Million
2000 122 Hours $71 Million
2010 700 Hours $409 Million
Cumulative Savings 1990 through 2010 $2795 Million

Traffic demand for Austin is based upon hub scenario forecast levels. Other
traffic is assumed to grow at a rate of 4% per annum.

ek

Delay on the average day is calculated based on VFR and IFR conditions
occurring 88% and 12% of the time, respectively.

Marginal aircraft operating cost savings based on flight costs of $1,600 per
hour.

Table 3-6. Delay and Cost Savings for the New Austin Airport/Airspace System at
Non-Hub Traffic Demand Levels

Traffic Demand* Average Daily Delay Savings** Annual Cost Savings***
1990 11 Hours $7 Million
2000 ' 32 Hours $19 Million
2010 70 Hours $41 Million
Cumulative Savings 1990 through 2010 $423 Million

Traffic demand for Austin is based upon non-hub scenario forecast levels.
Other traffic is assumed to grow at a rate of 4% per annum.

=

Delay on the average day is calculated based on VFR and I¥R conditions
occurring 88% and 12% of the time, respectively.

Marginal aircraft operating cost savings based on flight costs of $1,600 per
hour.
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3.23 Oakland Area

The following issues were addressed by the Oakland Airspace
Project:

* An evaluation of airspace realignment and operational
alternatives to alleviate the complexity and saturation
problems associated with Oakland ARTCC Sector II.

* An evaluation of air traffic operations under the proposed
Northern California Metroplex Control Facility (MCF)
airspace redesign, which would consolidate operations in
Bay, Sacramento, Stockton, and Travis approach controls.

* An analysis of the impacts on civilian traffic of proposed
expansion of special use airspace in the Fallon, Nevada area,
which includes Nellis Air Force Base training areas.

* An analysis of the impacts of alternative routes and proce-
dures to alleviate noise problems in the Sacramento area.

The cost savings associated with various combinations of these
changes together with the proposed extension of San Jose (SJC)
Runway 30R are summarized in Table 3-7 for the years 1991
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through 2000.
Table 3-7. Annual Aircraft Operating Cost Savings for MCF Airspace
and sjc Runway Options
Improvement Option Annual Cost Savings*
Airspace SJC Rwy 30R 1991 1995 2000
New Existing $21 M $4.7 M $13.7 M
old Extended $3.9M $7.2M $20.7 M
New Extended $7.0M $156 M $459M

* Based on marginal aircraft operating costs of $1,600 per hour.

3.2.4 Studies in Progress

Currently, the FAA System Capacity Office is in the process of
studying Washington, Cleveland, New York, and Jacksonville
Centers and is supporting work in the New York and Atlanta
Centers.
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Chapter 4

Technology for Capacity Improvement

There are many technological initiatives underway that offer
significant promise to improve the capacity of an airport, its sur-
rounding terminal airspace, and the en route airspace. Even when
considered individually, these technologies are significant steps in
the right direction. However, the impact of each initiative will be
enhanced by the integrated approach to capacity improvement that
is being maintained through effective coordination of the various
programs. At an overall level, this integration will be accomplished
through the activities of the National Simulation Laboratory
described in Section 4.3.1.

Section 4.1 covers technologies applicable to airport operations
and the adjacent terminal airspace. These include the Precision
Runway Monitor and the Converging Runway Display Aid that
directly support the approach procedure improvements described in
Section 3.1. Section 4.2 discusses technologies applicable to the en
route airspace, including oceanic airspace. Section 4.3 covers
technologies and programs that support planning and integration
of the above programs, as well as technologies that will make
changes and improvements to the National Airspace System easier
and more efficient to implement.

Complete project details, including funding and implementa-
tion dates, where appropriate, are given in Appendix F. The
projects described there include the key projects discussed in this
section plus a large number of other projects that have an impact on

capacity, although their primary focus might be different.
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4.1  Airport and Terminal Airspace
Capacity Technology

There are a number of programs that will improve the capacity
of an airport and its surrounding terminal airspace. The Airport
Surface Traffic Automation System will provide automation that
will make ground operations safer and more efficient. The Preci-
sion Runway Monitor and the Converging Runway Display Aid
have been discussed in Chapter 3 in connection with procedures for
improved landing capacities at airports with multiple runways. The
Microwave Landing System will make precision approach proce-
dures available at more runways at more airports by significantly
reducing the siting problems and frequency congestion associated
with ILS.

The Center-TRACON Automation Systemn will complement
the above systems by aiding the controller in merging traffic as it
flows into the terminal area. It will also provide enhanced through-
put and avoid undesirable bunching and gaps in the traffic flow on
the final approach path. This system and the Converging Runway
Display Aid have been combined into the Terminal ATC Automa-
tion program. Finally, the Traffic Alert and Collision Avoidance
System has the potential to expand beyond its current role of
providing airborne collision avoidance as an independent system. It
has the potential to reduce aircraft spacing in a variety of situations,
leading to increased capacity.

4.1.1  Airport Surface Traffic Automation

Programs

The runway/approach path safety system that will be provided
by Airport Surface Traffic Automation (ASTA) programs will
include an automated surveillance capability that provides tower
controllers with real-time data on the location and movement of all
aircraft and vehicles on the airport surface and the final approach
path. This capability will eventually provide an integrated display of
the runway/approach path situation, that is designed to prevent
conflict situations from developing. It will provide for an automatic
detection and presentation to controllers of warning and conflict
situations and direct automatic communications with the cockpit
for ATC clearances, the airport traffic situation, and automatic
emergency conflict resolutions messages. This will provide an all-
weather, automated capability that allows for safe, high-capacity
operations under all conditions.
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Airport Surface Traffic Auto-
mation System will provide
automation that will make
ground operations safer and
more efficient.

Microwave Landing System
will make precision approach
procedures available at more
runways at more airports by
significantly reducing the
siting problems and frequency
congestion associated with ILS.

Center-TRACON Automation
System will complement the
above systems by aiding the
controller in merging traffic as
it flows into the terminal area.

Airport Surface Traffic Auto-
mation programs will provide
tower controllers with real-
time data on the location and
movement of all aircraft and
vehicles, automatic detection
and presentation to control-
lers of warning and conflict
situations, and direct auto-
matic communications with
the cockpit for ATC clearances.
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A major portion of these safety benefits can be achieved by the
Airport Movement Area Safety System (AMASS), an early runway
incursion protection capability. AMASS will add an automation
enhancement to the Airport Surface Detection Equipment-3
(ASDE-3) to provide conflict alert algorithms for tower controllers
to detect runway incursions. The AMASS would be used by local
and ground controllers at the 29 ASDE-3 sites. The system also
includes a track data interface with the Automated Radar Terminal
System IITA (ARTS II1A) to include airborne aircraft on final
approach in the conflict alert algorithms.

Airport Movement Area Safety
System, an early runway
incursion protection capabil-
ity, would be used at the 29
ASDE-3 sites.

The ASTA system to control and manage airport surface taxi
traffic will incorporate the same basic airport surface surveillance
system as described above. This system will provide automated
tools to monitor and control airport surface traffic taxi flow (in-trail
separation, separation at intersections, monitor one-way traffic
flow, issue taxi clearance with route and runway assignment,
sequence departure queues, etc.). It will also provide automatic
aircraft status information for departure sequencing purposes. This
system will permit all-weather operations that will reduce ground
controller workload while allowing the controller to continue to
take advantage of visual observations.

ASTA will also use a data link system that will permit direct
digital data communications with pilots and aircraft flight manage-
ment computers. Services provided by ASTA include delivery of
airport traffic situation information to pilots, delivery of aircraft
location in relation to an airport map showing runways, taxiways,
etc., and, eventually, delivery of detailed guidance to cockpits to
guide aircraft on taxiways to their destination. Additionally, a tower
workstation will provide automation support for a number of
services to aircraft flight crews. Controllers will review and release
pre-departure flight plan clearance data and updates for digital
delivery to aircraft in the gate area. Automated Terminal Informa-
tion Service (ATIS) messages, which provide airport status and
weather information, will be created for both voice broadcast and
digital delivery to aircraft on the airport surface via the ASTA, and to
aircraft in flight via Mode S Data Link. Wind shear alerts will be
processed by the tower workstation for digital delivery via Mode S
Data Link to aircraft approaching the airport.
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4.1.2 Terminal ATC Automation (TATCA)

The purpose of the Terminal ATC Automation program
(TATCA) is to assist air traffic controllers and supervisors in enhanc-
ing the terminal area air traffic management process and to facili-
tate the early implementation of these aids at busy airports. The
TATCA program consists of two projects: the Converging Runway
Display Aid (CRDA) and the Center-TRACON Automation System
(CTAS). Longer term TATCA activities include the integration of
terminal automation techniques with other air traffic control and
cockpit automation capabilities.

4.1.2.1 Converging Runway Display
Aid

The CRDA uses automation to display an aircraft at its actual
location and simultaneously display its image at another location on
the controller’s scope to assist the controller in assessing the relative i
position of aircraft that are on different approach paths. The CRDA Simulations have shown that
is compatible with the ARTS system. CRDA may be effective in
increasing capacity by allow-
ing multiple runways to be
used simuitaneously in IFR
weather.

Simulations have shown that this aid may be effective in
increasing capacity by allowing multiple runways to be used simul-
taneously in IFR weather. At St. Louts, the FAA is currently con-
ducting an evaluation of this automation aid to facilitate dependent
precision converging approaches to Category I minima, approaches
which currently can only be used to high TFR ceilings. (This is
discussed further in Section 3.1.5.1.)

4.1.2.2 Center-TRACON Automation
System

The approach to major terminal areas represents one of the
most complex and high-density environments for air traffic control.
Arrivals approach from as many as eight directions, with jet arrivals
descending from high altitudes while other traffic enters from low
altitudes. It is difficult for controllers to foresee how traffic from
one approach path will ultimately interact with traffic from other
approach paths. This results in traffic arriving either in bunches or
with significant gaps, which in turn reduce airport capacity. Speed
and space restrictions in the terminal area add to the difficulty of
maintaining an orderly flow to the runway. Visibility and wind
shifts, variations in aircraft mix, wake vortex considerations, missed
approaches, runway/route changes or closings, all add to the
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difficulty of controlling traffic efficiently and safely in the terminal

airspace.

The CTAS 1s designed to improve system capacity by helping
the controller smooth out the traffic flow and eliminate gaps in
arrivals. The ealiest CTAS products are a Final Approach Spacing
Tool (FAST) for the TRACON and a Traffic Management Advisor
(TMA) for the ARTCC. The TMA will help en route controllers to
coordinate aircraft crossings at arrival fixes so that they can be
efficiently merged into the final approach stream by the TRACON
controller. The FAST will aid the TRACON controllers in merging
arrival traffic into an efficient flow to the final approach path. It will
also allow the controller to efficiently merge missed approach and
pop-up traffic into the final approach stream. Longer-term CTAS
activities focus on integration of terminal automation with other
ATC automation and cockpit automation activities.

4.1.3. Precision Runway Monitor (PRM)

Significant capacity gains can be achieved at airports with
closely spaced parallel runways if the allowable runway spacing for
conducting independent parallel instrument approaches can be
reduced. (The benefits associated with reduced spacings are dis-
cussed in Section 3.1.3.1.) Current criteria allow independent
approaches to parallel runways separated by 4,300 feet or more.
This standard was established based on the surveillance rate and
accuracy of the airport surveillance radars (ASRs) and the terminal
Automated Radar Terminal System (ARTS) capabilities. Analysis
and demonstrations have indicated that the separation between
parallel runways could be reduced if the surveillance data rate and
the radar and display accuracy were improved. Conventional airport
surveillance radars update the target position every 4.8 seconds.

The FAA has fielded engineering models of two types of PRM
systems to investigate the reduction in separation associated with
these improvements. The PRMs consist of improved antenna
systems that provide high azimuth and range accuracy and higher
data rates than the current terminal ASR radars, a processing system
that monitors all approaches and generates controller alerts when
an aircraft appears to be entering the no transgression zone be-
tween the runways, and a high resolution display system. One
version utilizes an electronically scanned antenna that is capable of
updating aircraft positions every half second and the other utilizes
two mechanically rotating antennas mounted back-to-back that
together update aircraft positions every 2.4 seconds.

Demonstrations have shown that either version of the PRM can
allow independent parallel operations for runways as close as 3,400
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CTAS is designed to improve
system capacity by helping
the controller smooth out the
traffic flow and eliminate gaps
in arrivals.

The PRMs consist of improved
antenna systems that provide
high azimuth and range
accuracy and higher data
rates, a processing system
that monitors all approaches
and generates controller
alerts, and a high resolution
display system.
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feet apart. Further research and development, including ATC
simulations at the FAA Technical Center, are planned to determine
the requirements for conducting independent parallel approaches to
runways as close as 2,500 feet apart.

4.1.4 Microwave Landing System (MLS)

Subsequent to the year 2000, the United States intends to
completely transition from the Instrument Landing System (ILS) to
the MLS. This transition is in accordance with international plans to
transition to MLS as the standard precision instrument approach
system. By January 1998, all international runways in the U.S. will
be equipped with MLS capability.

The ILS has provided dependable precision approach service for
many years. However, inherent characteristics of the ILS have
caused difficulties in congested terminal areas. Of particular con-
cern from an air traffic perspective is the long straight-in flight path
required by ILS. This restriction is not a major concern for isolated
airports without obstruction problems, but, for closely spaced
airports, ILS finals often create conflicts because flight paths may
cross in ways that preclude separation by altitude. In these configu-
rations the airports become interdependent (i.e., preferred opera-
tions cannot be conducted simultaneously at the affected airports),
causing delays and constraining capacity. In areas such as New
York, the curved approach capability provided by MLS will provide
a solution to the interdependency of proximate airports.

‘The MLS will also enable the FAA to provide precision approach
capability for runways at which an ILS could not be utilized due to
ILS localizer frequency-band congestion or FM radio transmitter
interference. For example, it is already difficult to add ILS facilities
in congested areas such as Chicago and New York. The MLS has
two hundred operational channels, with additional channels
available for future growth and development. In addition, there are

no nearby frequencies in use to create interference.

It may also be possible to achieve lower minima with MLS than
can be achieved with ILS at some sites. Moreover, MLS will relieve
surface congestion resulting from restrictions caused by ILS critical
area sensitivity to reflecting surfaces such as taxiing and departing
aircraft.

Use of MLS back azimuth for missed approach guidance may
help support development of approach procedures for converging
runway and triple runway configurations. Use of back azimuth for
departure guidance will help ease airspace limitations and restric-
tions on aircraft operations due to noise abatement requirements.

The curved approach capabil-
ity provided by MLs will pro-
vide a solution to the inter-
dependency of proximate
airports.




MLS provides for more flexible ground siting of equipment to
compensate for terrain irregularities that do not permit a centerline
siting. These irregularities include, but are not limited to, moun-
tains, rivers, and valleys. Additionally, MLS does not require as
extensive a site preparation as ILS, since MLS does not form guid-
ance signals through ground reflection.

The MLS/RNAV capability with wide-area coverage will provide
more flexibility in the terminal airspace. It will permit the design of
instrument approach procedures that more closely approximate
traffic patterns used during VMC. Typically these result in shorter
flight paths, segregation of aircraft by type, reduction of arrival and

departure gaps, and avoidance of noise sensitive areas.

MLS/RNAV will provide the capability of computing a centerline
approach to secondary runways, both parallel and intersecting, that
lie within the coverage volume of the instrumented runway. MLS/
RNAV will also allow computing a centerline approach to a primary
runway where ground terrain has caused the azimuth station to be
offset a considerable distance from the runway centerline.
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gestion resulting from restric-
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4.1.5 Traffic Alert and Collision Avoidance
System (TcAs) Applications

TCAS is an airborne system that operates independently of
ground-based ATC to provide the pilot with advisories concerning
nearby transponder-equipped aircraft. The TCAS II system man-
dated for use in transport category aircraft provides relative position
information and, when necessary, advisories for vertical maneuvers
to avoid collisions. This system is expected to be fully implemented
on transport carrier aircraft by the end of 1993. Because of the
information provided by TCAS and its widespread equipage, it has
been identified as having the potential to increase ATC capacity and
efficiency and reduce controller workload.

A program is being established to investigate use of TCAS to
support reduced spacing on final approach, reduce the stagger
requirement for dependent converging approaches using the CRDA,
allow departures at reduced spacing, and monitor separation
between aircraft on independent approaches. Should these applica-
tions prove successful, additional development will be pursued in
the areas of wake vortex avoidance, TCAS-based parallel approach
monitoring, TCAS-based self-spacing, and other more advanced
applications.

4.2  En Route Airspace Capacity Technology

En route airspace congestion is being increasingly identified as
a factor in restricting the flow of traffic at certain airports. In 1990,
38 percent of all delays were attributed to limitations in terminal
and en route airspace. One cause of en route airspace congestion is
that ATC system users want to travel directly from one airport to
another at the best altitude for their aircraft, and hundreds of
aircraft have similar performance characteristics. Therefore, some
portions of airspace are in very high demand, while others are used
very little. This non-uniform demand for airspace translates into
the need to devise equitable en route airspace management strate-
gies for distributing the traffic when demand exceeds capacity.

Initiatives designed to reduce delays, match traffic flow to
demand, and increasc users’ freedom to fly user-preferred routes are
underway. These initiatives have a large technology component as
well as significant procedural impacts.

Automated En Route Air Traffic Control (AERA) is a long-
term evolutionary program that will increasingly allow aircraft to fly
their preferred routes safely with a minimum of air traffic control
intervention. The Advanced Traffic Management System (ATMS)
will allow air traffic managers to identify in advance when en route
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The Traffic Alert and Collision
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nology component as well as
having significant procedural
impacts.
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or terminal weather or other factors require intervention to expedite
and control the flow of traffic.

The increasingly crowded oceanic airspace is also being ad-
dressed. Initiatives that improve the control of this airspace, par-
ticularly the more accurate and frequent position reporting resulting
from Automatic Dependent Surveillance (ADS) using satellite
technology, will make it possible to effect significant reductions in
oceanic en route spacing.

Other means of improving en route airspace capacity include
reducing the vertical separation requirements at altitudes above
FL290 to allow more turbojet aircraft to operate along a given
route near their preferred altitudes and reducing the minimum in-
trail spacing to increase the flow rate on airways.

4.2.1 Advanced Traffic Management

System (ATMS)

The purpose of the ATMS is to minimize the effects of NAS
overload on user preferences without compromising safety. This is
accomplished by:

* Monitoring the demand on and capacity of ATC resources,

* Developing alternative strategies to balance demand and
capacity to prevent critical entities from being overloaded,

» Coordinating and implementing strategies to assure
maximum use of critical resources when a demand/capacity
imbalance is predicted or detected.

The Aircraft Situation Display (ASD) was the first capability
developed by ATMS. The ASD generates a graphics display that
shows current traffic and flight plans for the entire NAS. The ASD is
currently deployed at the Air Traffic Control System Command
Center (ATCSCC), all ARTCCs, and selected TRACONS.

The ASD has helped increase system capacity in several ways. It
allows Traffic Management specialists to observe approaching
traffic across ARTCC boundaries. This has allowed the reduction or
elimination of many fixed miles-in-trail restrictions (and the
resultant delay of aircraft) that were in effect prior to the deploy-
ment of ASD. It allows Traffic Management Specialists to detect
and effect solutions to certain congestion problems, such as merg-
ing traffic flows, well in advance of problem occurrence and even
before the aircraft enter the ARTCC where the congestion problem
will occur. Small adjustments to traffic flows made early can avoid
large delays associated with last minute solutions.
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The Traffic Management
System will minimize NAS
overload effects on user pref-
erences without compromis-
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The ASD also assists Traffic Management specialists in plan-
ning arrival flows, especially for airports that are close to ARTCC
boundaries. Smoother arrival flows result in better airport utiliza-
tion.

The second capability developed by ATMS was the Monitor
Alert which attempts to predict traffic activity several hours in
advance. It compares the predicted traffic level to the threshold
alert level for air traffic control sectors, fixes, and airports, and
highlights predicted problems. It will aid in detecting congestion
problems further in advance, enabling solutions to be implemented
earlier. The Monitor Alert has recently been implemented at the
ATCSCC, all ARTCCs and several TRACONS.

Three future capabilities that are being developed through
ATMS are Automated Demand Resolution, Strategy Evaluation,
and Directive Distribution. Automated Demand Resolution will
examine problems predicted by Monitor Alert and suggest several
alternative problem resolutions. The suggested resolutions are
planned to respond to each problem without creating conflicts or
additional problems. Strategy Evaluation will provide a tool for the
specialist to compare the suggested resolutions. Directive Distribu-
tion will automatically distribute the necessary flow directives to
implement the selected resolution.

4.2.2 Automated En Route Air Traffic
Control (AERA)

AERA is a collection of automation capabilities that will support

ATC personnel in the detection and resolution of problems along an
aircraft’s flight path and in the planning of traffic flows. AERA will
help increase airspace capacity by i 1mprov1ng the ATC system’s
ability to manage more densely populated airspace. AERA will also
improve the ability of the ATC system to accommodate user prefer-
ences. When the most desirable routes are unavailable because of
congestion or weather conditions, AERA will assist the controller in
finding the open route closest to the preferred one.

Auomated En Route Trafiic
Control will help increase
airspace capacity by improv-
ing the ATC system’s ability to
manage more densely popu-
lated airspace.

The most highly automated phase of the AERA program is the
aircraft separation assurance function and local flow management
function. The ATC specialist becomes a manager of traffic flows,
planning and selecting strategies rather than directing the flight
paths of individual aircraft. This phase of AERA takes advantage of
advanced systems such as flight management systems and data link.

Laboratory facilities for the AERA program were established in
1987. This laboratory has been used for prototyping and analyses of
systemns and concepts to develop operational and specification
requirements, as well as associated supporting technical documen-
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tation. These algorithmic and performance specifications and
candidate ATC procedures will be completed in 1991.

In the next phase of the AERA program, software will be
developed and undergo an operational evaluation at the FAA
Technical Center. The AERA software and the ATC procedures will
be updated as a result of the operational evaluation. This opera-
tional evaluation phase has already begun, and is scheduled to
continue through 1997.

In 1989, the AERA program accomplished the first build of a
prototype ARTCC in an AERA environment, called the AERA
Protocenter, which simulates an integrated automation of the
separation and planning functions. The Protocenter has successfully
separated aircraft in realistic simulation scenarios consisting of over
100 aircraft. In 1990, the Protocenter was enhanced to include a
metering function, so that it will not only keep aircraft separated,
but will also develop time schedules and generate clearances to
ensure that aircraft meet assigned time constraints, such as meter-
ing into terminal areas. Another recent enhancement to the
Protocenter is a set of functions to cope with data uncertainties
resulting from imperfect knowledge of winds aloft or aircraft
speeds. The aggregate of recent enhancements resulted in Build 2
of the Protocenter, capable of successfully separating and metering
aircraft in realistic simulation scenarios consisting of over 500
aircraft. In addition to the Protocenter, the AERA program is
investigating the human role in a highly automated ATC environ-
ment, using a team of controllers, pilots, and specialists in traffic
management and meteorology.
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4.23 Automatic Dependent Surveillance
(ADS) and Oceanic ATC

In the ADS system the information generated by an aircraft’s
onboard navigation system is automatically relayed from the
aircraft, via a satellite data link, to air traffic control facilities. The
automatic position reports will be displayed to the air traffic con-
troller in nearly real time. This concept will revolutionize ATC in
the large oceanic areas that are beyond the range of radar coverage.
Currently oceanic air traffic control depends upon hourly reports
transmitted via High Frequency (HF) voice radio, which is subject
to interference. There is no separate surveillance channel. Oceanic
ATC is largely manual and procedural and operates with very little
and often delayed information. Because of the uncertainty and
infrequency of the position reports, large separations are main-
tained to assure safety. These large separations effectively restrict
available airspace, and cause aircraft to operate on less than optimal
routes.

ADS will be a part of an Oceanic ATC System to support
transoceanic flights over millions of square miles of Pacific and
Atlantic airspace. This Oceanic ATC system will provide an auto-
mation infrastructure including oceanic flight data processing, a
computer-generated situation display, and a strategic conflict probe
for alerting controllers to potential conflicts hours before they
would occur. The first phase of the new system, the Oceanic
Display and Planning System (ODAPS), became operational in the
Oakland Air Route Traffic Control Center (ARTCC) in December
1989 and is scheduled to become operational in the New York
ARTCC in 1993. In 1993, real-time position reporting via ADS and
a limited set of direct pilot-controller data link messages will be
added to the system, and, in 1995, a fully robust satellite data link
will be operational.

The new Oceanic ATC System will provide benefits to airspace
users in several areas — safety, efficiency, and capacity. The im-
proved position reporting will allow better use of the existing
separation standards. Air traffic management can begin the process
of reducing those standards, thereby increasing the manageable
number of aircraft per route. The strategic conflict probe will allow
controllers to evaluate traffic situations hours into the future.
Ultimately, controllers will be able to grant more fuel-efficient
direct routes. These improvements in efficiency and capacity will
have a dramatic impact on fuel costs and delays.
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In the ADS system the informa-
tion generated by an aircraft’s
onboard navigation system is
automatically relayed via a
satellite data link to air traffic
control facilities. It will be part
of an Oceanic ATC System to
support flights over the Pacific
and Atlantic airspace.
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43  System Planning, Integration, and Control
Technology

The following sections describe technologies that support
planning for improvements in the NAS. Both operational improve-
ments and new technologies can be evaluated so that they can be
developed and implemented effectively. The National Simulation
Laboratory (NSL) will provide the overall framework assuring the
integration and interoperability of the elements of the NAS. A large
number of models and other technologies will support this integra-
tion effort. The National Airspace System Performance Analysis
Capability (NASPAC), for example, will help in the identification of
demand/capacity imbalances in the NAS, and provide a basis for
evaluation of proposed solutions to such imbalances. Computer-
graphics tools, such as the Sector Design Analysis Tool and the
Terminal Airspace Visualization Tool, will allow airspace designers
to quickly and effectively develop alternative airspace sectors and
procedures. They will also reduce the time and effort required to
implement these alternatives.

Finally, the National Control Facility (NCF) will provide the
means to analyze and manage the NAS on an ongoing basis, as well
as provide effective training for the requisite personnel.

4.3.1 National Simulation Laboratory

The NSL will be dedicated to assessing the integration and
interoperability of elements of the evolving NAS early in the system
development process. These assessments will include both pilot and
controller human factors considerations. The NSL will be used for
interoperability assessments of prototype versions of emerging
systems, with an emphasis on the early identification and resolution
of cross-system operational and capacity issues. The results of these
assessments will be better planning for NAS development and more
accurate and achievable system specifications.

The NSL will also provide a means for analyzing and experi-
menting with alternative concepts for NAS development. It will
have the capability to develop prototype alternative NAS configura-
tions at the system design level, so that promising new technologies
and concepts can be evaluated and compared at an early stage in
their development.

The initial effort has been to establish the Integration and
Interaction Laboratory (I-Lab) as a proof-of-concept demonstra-
tion. The NSL will begin operation in FY93 by porting I-Lab
simulations and prototypes to the more capable processors expected
to be available at that time. I-Lab experimentation will continue in

parallel.
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The NsL will be used to assess
the integration and
interoperability of elements of
the evolving Nas early in the
system development process,
including both pilot and
controller human factors
considerations.

The Integration and Interac-
tion Laboratory (I-Lab) has
been established, initially, as a
proof-of-concept demonstra-
tion.
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4.3.2 Analysis Tools

A large and growing repertoire of analytical, simulation, and
graphical tools and models are being developed and used to help
understand and improve the NAS. Some of the more prominent of
these are briefly described in the following sections.

4.3.2.1 Computer Simulation Models

The principal objectives of computer simulation models cur-
rently in use and under development are to identify current and
future problems in the NAS caused by demand/capacity imbalances
and to construct and evaluate potential solutions. All of the models
rely on a substantial amount of operational data to produce accurate
results. The principal models that are being developed and are in
use today are described below.

The National Airspace System Performance Analysis Capabil-
ity (NASPAC) is a simulation of the entire NAS, including detailed
modeling of 58 key airports and en route sectors and airspace. It
models individual aircraft throughout their daily itineraries, so that
it 1s sensitive to the ripple effects of congestion and delays. It has
been used to evaluate significant changes to the airspace system
such as new airports, runway closures, and flow control restrictions.
A simplified, user-friendly desktop version of the NASPAC that
requires only minimal training and preparation will be developed,
and the models will be enhanced, as required, for specific FAA
applications regarding system performance.

The Airport Network Simulation Model (AIRNET) is a PC-
based tool that is designed to assess the impact of changes in
airport facilities, operations, and demand. It is a planning tool that
can assess the effects of those changes on passenger costs, noise
contours, airports, airlines, and aircraft. It addresses macro trends
and interactions for use in policy planning and economic analysis.

The Airport and Airspace Simulation Model (SIMMOD)
simulates both airports and airspace in a selected geographic area. It
aids in the study of en route air traffic, terminal air traffic, and
ground operations. It is capable of calculating capacity and delay
impacts of a variety of operating alternatives, including runway
configurations, airspace routes, sectorization, and separation
standards. It is a planning tool for evaluating operational alterna-
tives involving the coordination of airport configurations with
airspace configurations. SIMMOD has been used in a number of
airspace design studies around major airports. Improvements to
SIMMOD include better output displays, automated data-acquisi-
tion capability, and a workstation version of the model.

The National Airspace System
Performance Analysis Capabil-
ity (NASPAC), a simulation of
the entire NAs, including
detailed modeling of 58 key
airports and en route sectors
and airspace, has been used
to evaluate significant
changes to the airspace sys-
tem such as new airports,
runway closures, and flow
control restrictions

AIRNET is a PC-based tool
designed to assess the impact
of changes in airport facilities,
operations, and demand.

SIMMOD simulates both air-
ports and airspace in a se-
lected geographic area and is
capable of calculating capac-
ity and delay impacts of a
variety of operating alterna-
tives.
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The Aircraft Delay Simulation Model (ADSIM) calculates
travel time, delay, and flow rate data to analyze components of an
airport, airport operations, and operations in the adjacent airspace.
It traces the movement of individual aircraft through gates, taxi-
ways, and runways. The Runway Delay Simulation Model (RDSIM)
is 2 sub-model of ADSIM. RDSIM limits its scope to the final ap-
proach, runway, and runway exat.

4.3.2.2 Sector Design Analysis Tool (SDAT)

The SDAT is an automated tool to be used by airspace designers
at the 20 Air Route Traffic Control Centers (ARTCCs) to evaluate
proposed changes in the design of airspace sectors. This computer
model will allow the user to input either the current design or the
proposed replacement. It will also allow the user to interactively
make changes to the design shown graphically on the computer

screen.

The model will allow the user to play recorded traffic data
against either the actual design or the proposed replacement. It will
also allow the user to modify traffic data interactively in order to
evaluate alternative designs under postulated future traffic loadings.
The model will compute measures of workload for the specified
sector or group of sectors. This will allow designers to obtain a
better balance in workload between sectors, reducing delays and
staffing requirements. The model will also be useful for facility
traffic flow managers, for it will display cumulative traffic flows
under either historic or anticipated future traffic loadings.

The development of the SDAT has been underway for approxi-
mately two years. Procedures for extracting the requisite data from
FAA data files and computing the expected demand for separation
assurance actions have been developed. A preliminary two-dimen-
sional prototype model has been developed. This model concen-
trates on only one element of controller workload, the critical
element of maintaining safe separation between aircraft.

4.3.2.3 Terminal Airspace Visualization Tool
(TvAT)

Terminal airspace differs from en route airspace due to a more
varied mix of aircraft and user types, more complicated air trathic
rules and procedures, and wider variation in flight paths. A major
redesign of terminal airspace currently requires extensive coordina-
tion and the effort of a task force lasting many months or even
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ADSIM calculates travel time,
delay, and flow rate data to
analyze components of an
airport, airport operations,
and operations in the adjacent
airspace.
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final approach, runway, and
runway exit.

SDAT is an automated tool to
be used by airspace designers
at the 20 ARTCCs to evaluate
proposed changes in the
design of airspace sectors,
allowing the user to input
either the current design or
the proposed replacement.
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years. The purpose of the TAVT is to provide computer-based
assistance to such a task force that will allow the rapid evaluation of
many alternatives, e.g., development of new terminal airspace
procedures. An effort is currently underway to develop a prototype
to model and support the evaluation of terminal airspace.

The modeling effort has three goals. First, to display a three-
dimensional representation of the airspace on a large computer
screen to allow the user/operator to view the airspace from any
perspective. The second goal is to provide an easy-to-use interface
that permits the user to modify the airspace according to permis-
sible alternatives. The final goal is to develop the capability to
quickly evaluate the airspace as displayed to the user in terms of
capacity and any other appropriate criteria. A prototype version of
the 3-D display is under development at this time on an advanced
graphics workstation. The first goal of visualizing a complex
terminal airspace has been demonstrated using the proposed
Dallas-Fort Worth Metroplex terminal airspace. Development of
an interactive, on-screen editing capability is currently underway.

4.3.3 National Control Facility (NCF)

"The proposed NCF is intended to provide three major functions
to support the goals of the FAA:

* The traffic management function, currently the Air Traffic
Control System Command Center (ATCSCC), will ensure
the viability of, and provide the national direction and
airspace management of, the air traffic control system.

* The modeling and analysis function will include the data
bases, personnel, and systems required to provide FAA and
selected organizations with tactical recommendations and
forecasts based on computer simulation and optimization
models, as well as studies and analyses of the air traffic
system.

* The management development function will provide a
structure to familiarize users with the capabilities of the air
traffic control system. Specific areas to be addressed in the
curriculum include orientation to national airspace man-
agement, recurring training in system management tech-
niques for FAA airspace managers, operational review and
critique, and demonstration to the airspace system users of
potential system problems identified through modeling
efforts.
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The purpose of the TAVT is to
provide computer-based
assistance to airspace planners
evaluating the redesign of
terminal airspace.

The NCF is intended to provide
traffic management functions,
modeling, and analysis to
provide the FAA with tactical
recommendations and fore-
casts, and management
development to familiarize
users with the capabilities of
the air traffic control system.
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This facility will house the airspace management organiza-
tion, the National Weather Service Central Flow Weather Service
Unit (CFWSU), the National Flight Data Center (NFDC), and the
National Maintenance Coordination Complex (NMCC). The
systems required to support these organizations will also be housed
here.

The traffic management element of the NCF will contain the
personnel and systems needed to manage the Nation’s air traffic
system. A proactive management role using a combination of the
data currently available, improved processing, better communica-
tions, and additional data is envisioned.

The modeling and analysis element of the NCF will provide the
capabilities required to perform in-depth statistical and analytical
studies of the airspace system. These studies will enable the exami-
nation of solutions to airspace problems and the determination of
the maximum utilization of the airspace system on a real-time basis
as well as during a long-term planning effort. It will also provide
simulations and reconstructions to support the training and re-
fresher activities of the Management Development Facility. The
functions required to support this effort include database manage-
ment, airspace and rules simulations, and system analysis.

To support the modeling element, current capabilities such as
NASPAC, AIRNET, and SIMMOD will be enhanced and used to
support operational planning as well as the longer-term analysis
capabilities they currently provide to support system planning of
the NAS. In order to support airspace planners that will use the NCF
modeling capabilities, computer-based airspace design tools will be
developed. These tools will be designed to address a range of
airspace design problems from relatively localized problems affect-
ing a single sector or terminal area to regional or national scale
problems.

43.4 Traffic Flow Planning

Increasing congestion, delays, and fuel costs require that the
FAA take immediate steps to improve airspace use, decrease flight
times and controller work loads, and increase fuel efficiency. To
achieve these objectives the FAA Traffic Flow Planning program
will develop near-term, operational traffic planning models and
tools. The program will provide software tools to plan daily air
traffic flow, predict traffic problems and probable delay locations,
assist in joint FAA-user planning and decision-making, and gener-
ate routes and corresponding traffic flow strategies which minimize
fuel and time for scheduled air trattic. Benefits include improved
aviation safety, airspace use, system throughput, and route flexibil-
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ity. Working directly with commercial aviation interests and other
FAA facilities, the Air Traffic Control System Command Center
(ATCSCC) can predict problem areas before they occur and generate
alternative reroutings and flow procedures. Overall system capacity
will be increased over that of the present fixed route and rigid
preferred route systems, and increased fuel efficiency, shorter travel
times, and reduced delays will result. Controller workloads will
decrease from users’ participation in a planned, systematic flow of

traffic.
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Marketplace Solutions

Marketplace solutions to airport capacity problems are those
that rely primarily on competitive, free-market influences. Some
examples, which are discussed below, are the development of new
hub airports, the expanded use of existing commercial service
airports, the expanded use of reliever airports, and the re-allocation
of hourly distribution of demand to reduce demand peaks. Market-
place solutions involve the interests of the airlines, local govern-
ment and airport authorities, and local communities; both local and
national economic factors a:e involved. This diversity of interests
makes predicting and managing these solutions inherently difficult.

5.1 New Hubs at Existing Airports

It is reasonable to assume that as flight delays grow at tradi-
tional connecting hub airports, airlines will develop new hubs at
existing airports. Hub airports developed since airline deregulation
have exhibited the following characteristics:

* Strong origin/destination market,
* Good geographic location,

* Expandable airport facilities,

* Multiple IFR arrival capability,

* Strong economy and availability of balanced work force,
and

* Ability to accommodate existing/planned service.

More than two dozen potential new hub airports more than 50
miles from airports with forecast delay problems and with sufficient
potential runway capacity to accommodate significantly increased
airport operations have been identified. Each has the potential to
permit multiple approach streams during IFR conditions. Hence,
they meet the first, second, and fourth characteristics. Other
airports may meet the third and fourth characteristics through
appropriate capital investment. Additional analysis is required to
determine which airports have viable economies both from the
local and airline perspective, as well as local support for expansion
into a hub airport.
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More than two dozen poten-
tial new hub airports have
been identified. Each has the
potential to permit multiple
approach streams during IFR
conditions.
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An example of the type of analysis that may be performed to
determine the potential conequences of establishing a new hub
airport is given for Sacramento Metropolitan airport (SMF ). A new
connecting hub at Sacramento could produce delay savings by
diverting some of the growth that would otherwise occur at San
Francisco International (SFO).! The following figures illustrate the
potential effect on delays at San Francisco in some future period
assuming no change in the role Sacramento presently plays in the
system. This situation is then compared to a hypothetical one in
which Sacramento has become a new connecting hub airport and
handles some of the traffic growth that would have connected at
San Francisco. Specifically, it assumes that 200 daily operations
(100 arrivals and 100 departures) are relocated as a result of estab-~
lishing a new connecting hub at Sacramento. That number of
flights would be “diverted” from the future growth at San Fran-

CISCO.

FAA forecasts of 1998 demand are used in the analysis. As
Figure 5-1 shows, demand at San Francisco is estimated as 673
daily arrivals. This level of activity results in a cumulative level of
daily flight delay of 129 hours. If, as a result of Sacramento’s
potential new hub status, 100 daily arrivals (200 operations) were
shifted from future growth at San Francisco to Sacramento, the
forecast daily delay at San Francisco would be reduced 90 hours to
39 hours, a 70 percent delay reduction. A diversion of 50 daily
arrivals (100 operations) would result in a reduction of 45 hours of
forecast daily delay to 84 hours, a 35 percent reduction.

This analysis assumes an hourly arrival capacity of 35 flights
per hour at San Francisco under Instrument Meteorological
Conditions (IMC). Figure 5-2 shows the relationship between
capacity and delay at San Francisco for various arrival capacities.
The figure indicates a proportional decrease in benefits if arrival
capacity grows (through the use of new approach procedures or
new runway layouts). For example, an IMC hourly arrival rate of 40
would result in a daily delay of 15 hours, while an hourly arrival rate
of 45 would result in a daily delay of 8 hours. At levels above 45
hourly arrivals, the capacity-delay curve indicates only small im-
provements in daily delay.

1. A Case Study of Potential New Connecting Hub Airports, Report to Congress.
The other airports described in that study are Huntsville International
Airport, Port Columbus International Airport, and Oklahoma City.
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5.2  New Airports as Hubs

Construction of new airports that would primarily serve as

transfer points for passengers flying to and from other airports is
being discussed and studied. These new airports could serve to

decentralize air service at traditional connecting hub airports and Cons.truct.ion of new airports
reduce flight delays. Economic, social, and air traffic control factors ~ to primarily serve as transfer
will help determinc if, where, and how fast such “new generation” points is being studied.

airports are developed. For example, one factor in siting a new
airport might be its impact on existing air traffic patterns. Figure
5-3 shows actual flight tracks for a representative sample of all
commercial and general aviation IFR flights within the contiguous
United States over a 24-hour period in early 1991. Areas of low
traffic density could be investigated further as potential sites for
“new generation” airports. Similar studies could be performed for
selected regions of interest.

Figure 5-3. Ten Percent of iFR Flight Tracks Within the Contiguous
United States Over a 24-Hour Period
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5.3  Expanded Use of Existing Commercial
Service Airports

Expanded use of existing commercial service airports can ease
capacity problems at nearby primary airports by spreading com-
mercial aircraft operations among additional airports near the
primary airport.

In contrast to new hubs, the expanded use of existing commer-
cial service airports is primarily intended to relieve congestion in a
particular market, not to constitute a market of its own.

For each of the 23 current delay-problem airports, a prelimi-
nary list of airports located within 50 miles (or as close as possible)
and served by commercial air traffic, was compiled. This is shown
in Table 5-1. A number of military airports were added to the list.
As congestion becomes greater at the delay-problem airports,
passengers may choose to travel to the alternative airports. This
traffic diversion would tend to decrease delays at the delay-problem

airport.

5.4  Expanded Use of Reliever Airports

Reliever airports ease capacity problems at primary airports by
spreading aircraft operations over additional airports near the
primary airports. In contrast to the expanded use of commercial
service airports, reliever airports are used mainly by smaller general
aviation aircraft, while the primary and other commercial use
airports serve mostly larger, commercial service aircraft. The
segregation of aircraft operations by size increases effective capacity
at each airport type because required time and distance separations
are reduced between planes of similar size.

The FAA provides assistance for construction and improve-

ments at reliever airports under the Airport Improvement Program.

The objective of this assistance is to increase utilization of reliever
airports by building new relievers, improving the facilities and
navigational aids at existing relievers, and reducing the environ-
mental impact on neighboring communities. Because they serve
primarily general aviation aircraft, reliever airports can be effective
with significantly less extensive facilities than commercial service
airports.

Reliever airports can be expected to play significant roles in
reducing congestion and delay at delay-problem airports, especially
those where general aviation constitutes a significant portion of
operations.

Of the 40 airports forecasted to exceed 20,000 hours of annual
aircraft delay in 2000 without further improvements, about one
third have 25 percent or more general aviation operations.
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Existing commercial service
airports within 50 miles of
current delay-problem air-
ports may provide relief for
some of the delay problems.

Increased use of reliever
airports by smaller general
aviation aircraft would relieve
some of the congestion at the
larger, primary airports.
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Table 5-1. A Preliminary List of Airports Located Within 50 Miles of the

23 Delay-Problem Airports

Delay-problem  Airport Supplemental Delay-problem Airport Supplemental
Airport? Code  Airport Airport? Code  Airport
Chicago OHare  ORD  Aurora St. Louis STL —
Rockford Phoenix PHX Prescott (80 mi)
Wheeling Miami MIA Ft. Lauderdale
Gary, IN. Philadelphia PHL  Allentown
Glenview NAS Lancaster (70 mi)
Atlanta Hartshield  ATL Athens Reading (60 mi)
Macon Willow Grove NAS
Columbus (100 mi) Trenton, NJ
Chattanooga, TN Wilmington, DE
Dallas-Ft. Worth - DFW  Brownwood (120 mi) Wiashington DCA  Baltimore, MD
Killeen (100 mi) ) Hagerstown, MD (60 mi)
Longview (100 mi) Charlottesville, VA (100 mi)
Paris (80 mi) Richmond, VA (100 mi)
Temple (100 mi) Andrews AFB
VVL.IC()'(SO mi) . Pittsburgh PIT Johnstown
Wichita Falls {100 mi) : Latrobe
Los Angeles LAX B“f bank Morgantown, WV (60 mi)
Irvine Detroit DTW  Flint
Long Beach Pontiac
Ontario Lansing (80 mi)
Oxnard Toledo, OH (60 mi)
Palmdale Selfridge ANG
San Pedro Orlando MCO  Daytona Beach
Los Angcles NAS Ft. Pierce (100 mi)
Newark EWR  Trenton Melbourne (60 mi)
White Plains, NY Tampa (76 mi)
San Francisco SFO Concord Vero Beach (90 mi)
Hayward Minneapolis NSP Mankato (70 mi)
Oakland Eau Claire, WI (70 mi)
2::;{:);; - Charlotte CiL.,r Hickory
Moffetr ] 1d NAS Greensboro (90 mi)
neotle K, A AN Winston-Salem (60 mi)
Alameda NAS ] .
Hamilton AFB Washington IAD }31'.11t|morc. A\I‘I\)”) 0 i
, s . agrerstown, | mi
New York JFK E";llrn;]-ngg;'l]c’ Chi:rlortcsvillc, VA (100 mi)
]:]:;: entan Richmond, VA (100 mi)
]h land Andrews AFB
Long Islang sy . . :
White Plains Denver DEN Colorado Springs (R0 mi)
Boston BOS Bedford Honolulu TINL Kailua
Burlington Houston 1AL Beaumont (60 mi)
[ aswrence Lutkin (100 mi)
New Bedtord Scattle SEA —
N( AVOI )({
Plvmouth
i:;‘:‘:}_]j"]?‘ 2. Nirports having greater than 30.1)(.)() hours of delay tor
oreester . 1990 4« reported by F Otfice of Policy and Plans,
Flanscom AFB




1991 - 92 Aviation System Capacity Plan

Chapter 6 -1

Chapter 6

Summary

The Aviation System Capacity Plan is intended to be a com-
prehensive “ground-up” view of aviation system requirements and
development, starting at the airport level and extending to terminal
airspace, en route airspace, and airspace and traffic flow manage-
ment. The first step in this problem-solving exercise is problem
definition. This plan defines the aviation capacity problem in terms
of flight delays, rather than dealing with the more abstract “capac-
ity” definition. While it is relatively simple to compute an airport’s
hourly throughput capacity (the number of flight operations which
can be handled in IFR or VFR for a given runway operating configu-
ration), that throughput can change each hour as weather, aircraft
mix, and runway configurations change. Annualizing airport
capacity is thus a difficult task.

In 1990, 23 of the top 100 airports each exceeded 20,000 hours
of airline flight delays. If no improvements in capacity are made,
the number of airports which could exceed 20,000 hours 7. nusn!
aircraft delay in the year 2000 is projected to grow from 23 .., 47

While it is common for demand to exceed hourly capacity at
some airports, there are ways of accommodating that demand. For
example, air traffic management can regulate departures and slow
down en route traffic, so flights are shifted into times of less con-
gestion. This is only a temporary solution because as traffic in-
creases at a given airport, there will be fewer off-peak hours into
which flights might be shifted.

There are several techniques that are under investigation to
manage the demand at delay-problem airports. One is to encourage
small aircraft to use “reliever” airports. There could be significant
flight-delay reduction if a percentage of small aircraft operations
could be shifted to reliever airports; however, some of the fore-
casted delay-problem airports have a low percentage of small
aircraft operations. Those airports are largely “relieved,” and further
diversion of operations to reliever airports would be of marginal
significance in flight delay reduction.

Having first identified forecasted delay-problem airports, this
plan next attempts to document planned or technologically feasible
capacity development at those airports. The FAA is co-sponsoring
airport capacity design teams (formerly task forces) at major
airports to assess how airport development and new technology
could “optimize” capacity on a site-specific basis. Airport capacity
design team studies were completed at Atlanta, Charlotte, Chi-
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cago, Detroit, Kansas City, Los Angeles, Memphis, Miami,
Nashville, Oakland, Philadelphia, Phoenix, Pittsburgh, Raleigh-
Durham, St. Louis, Salt Lake ity, San Francisco, San Jose, San
Juan, Seattle-Tacoma, and Washington Dulles.

Moving from the “ground up,” this plan identifies new terminal
airspace procedures which will increase capacity for existing or new
runway configurations. Of the top 100 airports, 30 could benefit
from improved independent parallel IFR approaches, 18 could
benefit from dependent parallel IFR approaches, 53 could benefit
from dependent converging IFR approaches using the Converging
Runway Display Aid (CRDA), 32 could benefit from independent
converging IFR approaches (TERPS+3), and 14 could benefit from
triple IFR approaches. Demonstration programs are underway for
these new approach procedures.

Some of the new approach procedures and airport capacity
projects require new technology and new systems and equipment.
More than three dozen programs are currently under way in FAA's

R,E&D and F&E programs to provide that new technology. This
plan outlines the progress of those programs.

Many of the technology programs are designed to reduce the
capacity differential between IFR and VFR operations. Delays
attributable to weather (resulting in large part from the difference
in VFR and IFR separation standards) accounted for 70% of all
flights delayed 15 minutes or more in 1988. With the use of new
technology, that proportion has decreased to 53 percent in 1990.
Significant gains in capacity may be achieved with the use of new
electronic guidance and control equipment if two or three flight
arrival streams can be maintained in IFR, rather than being reduced
to one or two arrival streams. These programs are the Precision
Runway Monitor (PRM), Converging Runway Display Aid
(CRDA), Triple and Quadruple Instrument Approaches, and
Microwave Landing System (MLS).

Some of the technology programs are designed to provide more
information to air traffic controllers, such as the Center-TRACON
Automation System (CTAS), or to pilots, such as the Traffic Alert
Collision and Avoidance System (TCAS), with improved visual
displays and non-voice communications. Those programs may not
show as large an increase in capacity as those programs providing
multiple flight arrival and departure streams, but they are signifi-
cant nonetheless.

Some of the technology programs are designed to improve the
efficiency of aircraft movement on the airport irface. The Airport
Surface Traffic Automation (ASTA) program, for example, will
expedite surface movement while reducing the number of runway
incursions.
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Some of the technology programs are computer simulation
tools to help in airfield and airspace analysis. SIMMOD (Simulation
Model), NASPAC (National Airspace Performance Analysis Capa-
bility), SDAT (Sector Design Analysis Tool), and TAVT (Terminal
Alirspace Visualization Tool) will help in the evaluation of various
alternatives.

Lastly, some technology programs are designed to “optimize”
the aviation system through better planning and improved predic-
tion capability. These include the National Simulation Laboratory
(NSL), the National Control Facility (NCF ), and Dynamic Special-
Use Airspace Management.

The “ground up” view encompasses en route airspace. The plan
outlines programs designed to increase en route airspace capacity,
including Automated En Route Air Traffic Control (AERA),
Advanced Traffic Management System (ATMS), Automatic De-
pendent Surveillance (ADS), Oceanic Display and Planning System
(ODAPS), and Dynamic Ocean Tracking System (DOTS).

Airspace capacity design team projects have been established
to analyze and optimize terminal airspace procedures. Projects have
been accomplished in Los Angeles, Dallas-Ft. Worth, Chicago,
Kansas City, Houston/Austin, and Oakland. Washington, Cleve-
land, New York, and Jacksonville projects are still in progress.
Results or progress reports are included in this plan.

From a “ground up” view, after optimizing existing airport
capacity, terminal airspace procedures, and en route airspace capac-
ity using new technology, the next level is adding “reliever” airports
and “supplemental” airports for additional aviation system capacity.
“Supplemental” airports are existing commercial service airports
that could act as reliever airports for delay-problem airports.

Though “supplemental” airports will be helpful, the largest
capacity gains come from new airports and new or extended
runways at existing airports. One such project is the construction of
a new international airport at Denver. Construction began in late
1989. The initial phase will consist of four 12,000-ft runways and a
commuter runway and is scheduled to open in the fall of 1993.
New parallel runways were put into service at Cincinnati, India-
napolis, and Little Rock prior to mid-1991. A runway extension at
Baltimore became operational in 1990 and a runway at Cleveland
was reconstructed. Of the top 100 airports, 62 have proposed new
runways or extensions to existing runways. Of the 23 delay-prob-
lem airports in 1990, 18 are in the process of constructing or
planning the construction of new runways or extensions to existing
runways. Of the 40 delay-problem airports forecast for the year
2000, 29 propose to build new runways or runway extensions. The
total anticipated cost of completing these new runways and runway
extensions exceeds $6.5 billion.

B Vthapter 6— 3
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The FAA is also pursuing an initiative for the implementation
of joint-use military airfields and/or adaptation of former military
facilities to civilian use for capacity enhancement to the overall
aviation system. The joint-use facilities at Dillingham Army
Airfield, Hawaii, and Rickenbacker Air National Guard Base,
Columbus, Ohio, have provided congestion relief to the airports at
Honolulu and Port Columbus, respectively. Currently, Stewart Air
Force Base near Newburgh, New York, and Ellington Air Force
Base at Houston, Texas, have been designated for conversion to
civilian-use facilities.

System capacity must continue to grow in order to maintain
the same level of air service quality. The majority of cities with air
service prior to de-regulation in 1978 received more frequent
service in 1990. Many smaller cities have benefited from the
emphasis on hub-and-spoke airline service in the last decade,
receiving more service to connecting hub airports from more than
one airline. In the dozen years since airline deregulation, real air
fares have declined. System capacity must continue to grow to
allow for airline competition if that trend is to continue.

In conclusion, both the quality and cost of air service are
strongly tied to aviation system capacity, and will continue to show
favorable trends only if aviation system capacity grows.
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Table A-1. Airport Operations and Enplanements’

Enplanements Operations
Airport (000s) (000s)
City-Airport ID Rank CY88 CY89 FY89 FY90
Chicago O'Hare Intl ORD 1 26,597 25,664 789 811
Dallas-Fort Worth Int’l DFW 2 21,014 22,623 694 725
Atlanta Hartsfield Int'l ATL 3 21,824 20,398 670 779
Los Angeles Int’l LAX 4 18,643 18,583 632 669
San Francisco Intl SFO 5 13,348 13,326 434 437
Denver Stapleton Int’l DEN 6 14,442 12,320 468 475
New York LaGuardia LGA 7 11,322 10,840 356 365
Phoenix Sky Harbor Int'l PHX 8 9,455 10,166 480 497
New York Kennedy Int’l JFK 9 10,660 10,081 337 342
Newark Intl EWR 10 10,838 9,822 377 384
Detroit Metro Wayne County DTW 11 9,214 9,739 369 391
Boston Logan Int’] BOS 12 10,141 9,661 417 448
St. Louis Lambert Int] STL 13 9,554 9,396 425 443
Honolulu Int’ HNL 14 8,396 8,944 406 407
Miami Int’l MIA 15 9,462 8,592 378 463
Minneapolis-St. Paul MSP 16 8,171 8,460 376 382
Pittsburgh Intl PIT 17 8,379 7,941 379 385
Orlando Intl MCO 18 7,473 7,373 286 278
Seattle-Tacoma SEA 19 6,826 7,060 328 426
Houston Intercontinental IAH 20 6,872 7,030 294 310
Las Vegas McCarran LAS 21 6,865 7,027 378 395
Charlotte Douglas Int’l CLT 22 6,620 6,903 424 452
Washington National DCA 23 7,259 6,896 316 320
Philadelphia Int'l PHL 24 6,634 6,247 383 405
San Diego Lindbergh SAN 25 5,181 5,317 207 212
Salt Lake City Int’l SLC 26 4,730 5,244 293 302
Washington Dulles Int'l IAD 27 4,327 4,544 235 240
Baltimore-Washington Int’l BWI 28 4,370 4,446 307 304
Tampa Int’l TPA 29 4,495 4,409 217 227
Kansas City Int'l MC1 30 4,470 4,357 239 162
Raleigh-Durham Int’] RDU 31 3,518 4,117 273 283
Memphis Int’l MEM 32 4,533 3,990 334 330
Houston Hobby HOU 33 3,840 3,927 257 267
Cincinnati Int’] CVG 34 3,543 3,771 265 285
Nashville Metro BNA 35 3,244 3,746 276 259

1. At the top 100 airports, ranked by 1989 enplanements
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Table A-1. Airport Operations and Enplanements (continued)?

Enplanements Operations
Airport (000s) (000s)
City-Airport ID Rank CY88 cY89 FY89 FY90
L Cleveland Hopkins Intl CLE 36 3,547 3,722 257 273
Fort Lauderdale Intl FLL 37 3,899 3,646 217 224
Chicago Midway MDW 38 3,174 3,410 316 322
San Juan Luis Mufioz Marin Int'l  SJU 39 3,264 3,269 194 205
New Orleans Int’l MSY 40 3,200 3,171 139 152
San Jose Int’l SJC 41 2,774 3,094 -318 320
Portland (OR) Int’l PDX 42 2,823 3,055 268 272
Dallas Love DAL 43 2,475 2,774 214 214
Ontario Intl ONT 44 2,354 2,609 143 151
Indianapolis Int’l IND 45 2,406 2,523 203 225
San Antonio Intl SAT 46 2,392 2,493 204 219
West Palm Beach Int’l PBI 47 2,361 2,404 234 239
Albuquerque Int’l ABQ_ 48 2,113 2,337 231 226
Windsor Locks Bradley Int] BDL 49 2,322 2,270 174 182
Santa Ana John Wayne SNA 50 2,156 2,174 534 523
Kahului OGG 51 2,026 2,133 182 179
Dayton It DAY 52 2,140 2,083 205 197
QOakland Metro Int'l OAK 53 1,826 2,031 403 389
Austin Robert Mueller AUS 54 1,922 2,022 185 193
Milwaukee Mitchell Int’]l MKE 55 1,779 1,872 197 209
Sacramento Metro SMF 56 1,792 1,800 177 177
El Paso Int] ELP 57 1,427 1,672 188 179
Columbus Int’l CMH 58 1,759 1,662 233 224
Buffalo Int BUF 59 1,780 1,629 136 140
Oklahoma City Will Rogers World OKC 60 1,493 1,540 137 145
Fort Myers SW Florida Regional ~ RSW 61 1,460 1,526 57 113
Tulsa Int'l TUL 62 1,362 1,441 187 195
Reno Cannon Int’l RNO 63 1,452 1,360 163 164
Lihue LIH 64 1,264 1,341 111 114
Burbank BUR 65 1,458 1,320 246 235
Tucson Int’] TUS 66 1,407 1,311 222 229
Norfolk Int’l ORF 67 1,492 1,298 158 161
Syracuse Hancock Int'l SYR 68 1,474 1,272 180 183
Jacksonville Int’l JAX 69 1,288 1,249 133 148
Anchorage ANC 70 1,052 1,159 212 252

2.At the top 100 airports, ranked by 1989 enplanements
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Table A-1. Airport Operations and Enplanements (concluded)?

Enplanements Operations

Airport (000s) (000s)
City-Airport ID Rank CY8s8 cY89 FY89 FY90
Rochester Monroe County ROC 71 1,242 1,149 205 184
Omaha Eppley OMA 72 1,052 1,007 158 153
Birmingham Municipal BHM 73 983 989 187 199
Kailua-Kona Keahole KOA 74 837 982 57 59
Providence Green State PVD 75 945 952 200 180
Little Rock Adams LIT 76 880 947 148 149
Louisville Standiford SDF 77 1,014 910 151 160
Greensboro Regional GSO 78 994 894 143 151
Albany ALB 79 817 838 165 184
Richmond Int'l PIC 80 851 827 154 160
Sarasota-Bradenton SRQ_ 81 843 794 164 168
Spokane Intl GEG 82 744 727 119 121
Des Moines DSM 83 708 669 160 146
Long Beach LGB 84 579 662 462 483
Grand Rapids Kent County Int’l GRR 85 597 649 151 169
Lubbock Int1 LBB 86 583 628 120 133
Guam Agana Field NGM 87 487 624 59 n/a
Hilo General Lyman ITO 88 553 611 93 100
Colorado Springs Municipal COS 89 641 600 168 177
Charleston (SC) AFB Intl CHS 90 662 597 130 132
Midland Int’l MAF 91 602 597 103 97
Wichita Mid-Continent ICT 92 602 593 167 175
Harlingen Rio Grande Intl HRL 93 510 535 63 60
Boise BOI 94 526 534 160 168
Savannah Int’l SAV 95 531 499 107 109
Greer Greenville-Spartanburg GSP 96 507 493 67 69
Columbia (SC) Metro CAE 97 531 487 116 113
Knoxville McGhee-Tyson TYS 98 532 482 162 167
Harrisburg MDT 99 421 444 59 64
Amarillo/Borger AMA 100 433 442 85 86
Total 410,652 408,794 24,960 25,749
Sources:
Enplanement data: Airport Activity Statistics of Certificated Route Air Carriers, 1988 and 1989 data.
Operations data: FAA Air Traffic Activity, FY89 and FY90 data.

3. At the top 100 airports, ranked by 1989 enplanements
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Table A-2. Airport Enplanements, 1989 and Forecast 2000 *

Enplanements
Airport (000s)

City-Airport ID Rank FY89 FY2000 % Growth
Chicago O’Hare Int’} ORD 1 28,386 41,722 47.0
Dallas-Fort Worth Int’l DFW 2 23,820 36,434 53.0
Los Angeles Int'] LAX 3 22,752 30,347 33.4
Atlanta Hartsfield Int’l ATL 4 21,652 33,164 53.2
New York Kennedy Int’] JFK 5 14,874 20,396 37.1
San Francisco Intl SFO 6 14,782 23,905 61.7
Denver Stapleton Int'l* DEN 7 13,732 — —
New Denver Intl DVX — — 21,990 60.1
Miami Int’] MIA 8 11,454 18,525 61.7
New York LaGuardia LGA 9 11,195 13,887 24.0
Boston Logan Int’l BOS 10 11,088 16,459 48.4
Newark Int’l EWR 11 10,455 17,934 71.5
Phoenix Sky Harbor Int’l PHX 12 10,269 19,098 86.0
Detroit Metro Wayne County DTW 13 10,212 16,409 60.7
Honolulu Int’l HNL 14 10,202 14,758 44.7
St. Louis Lambert Intl STL 15 9,941 16,135 62.3
Minneapolis-St. Pauf MSP 16 9,149 14,442 579
Pittsburgh Int’l PIT 17 8,581 14,815 72.6
Orlando Int’l MCO 18 8,391 13,704 63.3
Las Vegas McCarran LAS 19 7,799 16,066 106.0
Secattle-Tacoma SEA 20 7,580 12,700 67.5
Charlotte Douglas Intl CLT 21 7,546 11,239 48.9
Houston Intercontinental IAH 22 7,496 13,163 75.6
Washington National DCA 23 7,269 7,799 73
Philadelphia Int’] PHL 24 7,241 13,097 80.9
Salt Lake City Int'l SLC 25 5,517 8,791 59.3
San Diego Lindbergh SAN 26 5,467 9,494 73.7
Baltimore-Washington Int’l BWI 27 5,098 8,044 57.8
Washington Dulles Int’} IAD 28 4,879 10,350 112.1
Kansas City Int’l MCI 29 4,598 7,813 70.0
Tampa Int'l TPA 30 4,586 9,241 101.5
Cincinnati Int’l CvG 31 4,431 9,396 112.0
Raleigh-Durham Int’l RLCU 32 41315 8,786 104.0
Fort Lauderdale Int’]l FLL 33 4,309 8,016 86.0
Memphis Int'l MEM 34 4,270 7,006 64.1
Cleveland Hopkins Int'l CLE 35 3,993 5,556 39.1

4. At the top 109 airports, ranked by 1989 enplanements
*  DEN projected to close by 2000.
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Table A-2. Airport Enplanements, 1989 and Forecast 2000 (continued) $

Enplanements

k Airport (000s)
City-Airport ID Rank FY89 FY2000 9% Growth
San Juan Luis Mufoz Marin Intl SJjU 36 3,991 7,536 88.8
Nashville Metro BNA 37 3,965 6,389 61.1
Houston Hobby HOU 38 3,931 6,929 76.3
Chicago Midway MDW 39 3,562 5,898 65.6
New Orleans Int’] MSY 40 3,240 6,000 85.2
San Jose Int’l SJC 41 3,217 6,566 104.1
Portland (OR) Int'l PDX 42 3,200 5,361 67.5
Dallas Love DAL 43 2,781 5,688 104.5
Indianapolis Int’] IND 44 2,671 3,959 48.2
Ontario Intl ONT 45 2,623 8,097 208.7
San Antonio Int’l SAT 46 2,593 4,037 58.0
West Palm Beach Int'l PBI 47 2,526 4,382 73.5
Albuquerque Int’l ABQ_ 48 2,448 4,107 67.8
Windsor Locks Bradley Int’l BDL 49 2,422 4,199 73.4
Dayton Intl DAY 50 2,304 3,300 43.2
Santa Ana John Wayne SNA 51 2,232 3,805 70.5
Kahulut OGG 52 2,183 3,575 63.8
Milwaukee Mitchell Int'l MKE 53 2,097 3,947 88.2
Oakland Metro Intl OAK 54 2,094 4,649 122.0
Austin Robert Muclle: AUS 55 2,033 4,720 132.2
Sacramento Metro SMF 56 1,853 3,474 87.5
Columbus Int'l CMH 57 1,773 3,102 75.0
Buffalo Int’l BUF 58 1,696 2,621 54.5
El Paso Int’l ELP 59 1,677 2,607 55.5
Anchorage ANC 60 1,588 2,456 54.7
Oklahoma City Will Rogers World OKC 61 1,561 2,707 73.4
Fort Myers SW Florida Regional RSW 62 1,548 4,005 158.7
Tulsa Int'l TUL 63 1,445 2,321 60.6
Reno Cannon Int'l RNO 64 1,435 2,251 56.9
Norfolk Int’} ORF 65 1,394 2,218 59.1
Syracuse Hancock Int'l SYR 66 1,380 2,456 78.0
Lihue LIH 67 1,350 2,028 50.2
Burbank BUR 68 1,343 2,596 93.3
Tucson Int'l TUS 69 1,338 2,523 88.6
Jacksonville Int'l JAX 70 1,314 2,480 88.7

5. At the top 100 airpors, ranked by 1989 enplanements

A




|

1991 - 92 Aviation System Capacity Plan Appendix A -7

Table A-2. Airport Enplanements, 1989 and Forecast 2000 (concluded) ¢

Enplanements

Airport (000s)
City-Airport ID Rank FY89 FY2000 % Growth
Rochester Monroe County ROC 71 1,234 2,140 73.4
Providence Green State PVD 72 1,107 1,619 46.3
Albany ALB 73 1,078 1,727 60.2
Omaha Eppley OMA 74 1,052 1,435 36.4
Birmingham Municipal BHM 75 1,002 1,557 55.4
Kailua-Kona Keahole KOA 76 991 1,849 86.6
Louisville Standiford SDF 77 983 1,619 65.0
Little Rock Adams LIT 78 961 1,474 533
Richmond Int’l RIC 79 917 1,653 80.2
Greensboro Regional GSO 80 E20! 1,747 92.0
Guam Agana Field NGM 81 906 1,395 54.0
Sarasota-Bradenton SRQ_ 82 816 1,261 55.0
Spokane Int] GEG 83 774 1,685 100.2
Des Moines DSM 84 716 1,080 51.0
Grand Rapids Kent County Intl GRR 85 690 1,037 50.2
Long Beach LGB 86 665 1,576 100.4
Charleston (SC) AFB Int’l CHS 87 640 1,123 75.4
Lubbock Int’l LBB 88 629 845 34.3
Colorado Springs Municipal COS 89 623 955 53.2
Wichita Mid-Continent ICT 90 620 1,031 66.2
Hilo General Lyman ITO 91 613 961 57.0
Harrisburg MDT 92 609 1,101 80.8
Midland Intl MAF 93 597 829 39.0
Boise BOI 94 572 1,054 84.2
Knoxville McGhee-Tyson TYS 95 562 878 56.2
Greer Greenville-Spartanburg GSp 96 560 837 49.4
Harlingen Rio Grande Intl HRL 97 538 1,019 89.4
Columbia (SC) Metro CAE 98 528 966 83.0
Savannah Int’l SAV 99 510 790 55.0
Amarillo/Borger AMA 100 458 782 70.7
Total 448,999 731,695
Sources:
Enplanement data: FAA Airport Activity Statistics
Forecast: APO Terminal Area Forecasts

. At the top 100 airports, ranked by 1989 enplanements
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Table A-3. Total Airport Operations, 1990 and Forecast 2000 ’

Operations
Airport (000s)
City-Airport ID Rank FY90 FY2000 % Growth
Chicago O’Hare Int'l ORD 1 811 827 2.0
Atlanta Hartsfield Int’l ATL 2 779 931 19.5
Dallas-Fort Worth Int’l DFW 3 725 1068 47.3
Los Angeles Int'l LAX 4 669 800 19.6
Santa Ana John Wayne SNA 5 523 674 289
Phoenix Sky Harbor Intl PHX 6 497 602 211
Long Beach LGB 7 483 517 7.0
Denver Stapleton Int'l DEN 8 475 586 23.4
Miami Int] MIA 9 463 586 26.6
Charlotte Douglas Int’l CLT 10 452 531 17.5
Boston Logan Int'l BOS 11 448 505 12.7
St. Louis Lambert Int’l STL 12 443 508 14.7
San Francisco Int’l SFO 13 437 624 42.8
Honolulu Intl HNL 14 407 515 26.5
Philadelphia Int'l PHL 15 405 542 33.8
Las Vegas McCarran LAS 16 395 548 38.7
Detroit Metro Wayne County DTW 17 391 514 315
Oakland Metro Int'l OAK 18 389 544 39.8
Pittsburgh Intll PIT 19 385 510 325
Newark Int’] EWR 20 384 439 14.3
Minneapolis-St. Paul MSP 21 382 510 36.5
New York LaGuardia LGA 22 365 381 44
Seattle-Tacoma Int'l SEA 23 354 427 20.6
New York Kennedy Int’l JFK 24 342 380 11.1
Memphis Int’l MEM 25 330 458 38.8
Chicago Midway MDW 26 322 383 18.9
Washington National DCA 27 320 374 16.9
San Jose Int’l SJC 28 320 493 54.1
Houston Intercontinental IAH 29 310 411 32.6
Baltimore-Washington Int’l BWI 30 304 406 33.6
Salt Lake City Intl SLC 31 302 383 26.8
Cincinnati Intl CvVG 32 285 464 62.8
Ralcigh-Durham Int'l RDU 33 283 407 43.8
Orlando Int’l MCO 34 278 481 73.0
Clevelanid Hopkins Int’l CLE 35 273 301 13.6

7. At the top 100 airports, ranked by 1990 total operations
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Table A-3. Total Airport Operations, 1990 and Forecast 2000 (continued) 8

Operations
Airport (000s)
City-Airport ID Rank FY90 FY2000 % Growth
Portland (OR) Intl PDX 36 272 338 243
Houston Hobby HOU 37 267 343 28.5
Nashville Metro BNA 38 259 349 34.7
Washington Dulles Int’] 1AD 39 240 451 87.9
West Palm Beach Intl PBI 40 239 243 0.2
Burbank BUR 41 235 306 30.2
Tucson Int’t TUS 42 229 440 92.1
Tampa Intll TPA 43 227 320 41.0
Albuquerque Int’] ABQ_ 44 226 405 79.2
Indianapolis Int] IND 45 225 316 40.4
Columbus Int’l CMH 46 224 274 223
Fort Lauderdale Intl FLL 47 224 344 53.6
San Antonio Int’l SAT 48 219 332 51.6
Anchorage ANC 49 219 271 23.7
Dallas Love DAL 50 214 349 63.1
San Diego Lindbergh SAN 51 212 304 43.4
Milwaukee Mitchell Int’] MKE 52 209 243 15.3
Islip Long Island MacArthur ISP 53 209 289 38.3
San Juan Luis Mufoz Marin Intl SJju 54 205 267 30.2
Birmingham Municipal BHM 55 199 258 29.6
Dayton Int’l DAY 56 197 284 441
Tulsa Intl TUL 57 195 271 39.0
Austin Robert Mueller AUS 58 193 345 78.8
Rochester Monroe County ROC 59 184 277 50.5
Albany ALB 60 184 237 28.8
Syracuse Hancock Int’l SYR 61 183 246 34.4
Windsor Locks Bradley Int’l BDL 62 182 321 76.4
Providence Green State PVD 63 180 216 2.0
El Paso, Int] ELP 64 179 290 62.0
Kahului OGG 65 179 267 49.2
Colorado Springs Municipal COS 66 177 213 20.3
Wichita Mid-Continent ICT 67 175 291 66.3
Grand Rapids Kent County Int’l GRR 68 169 195 15.4
Boise BOI 69 168 366 117.8
Sarasota-Bradenton SRQ_ 70 168 208 23.8

8. At the top 100 airports, ranked by 1990 total operations
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Table A-3. Total Airport Operations, 1990 and Forecast 2000 (concluded) °

Operations
Airport (000s)
City-Airport ID Rank FY90 FY2000 % Growth
Knoxville McGhee-Tyson TYS 71 167 200 234
Reno Cannon Intl RNO 72 164 304 85.4
Kansas City Int’l MCI 73 162 340 109.9
Sacramento Metro SMF 74 162 279 72.2
Norfolk Intl ORF 75 161 230 42.9
Richmond Int’l RIC 76 160 205 28.1
Louisville Standiford SDF 77 160 208 12.5
Omaha Eppley OMA 78 153 187 222
New Orleans Int'l MSY 79 152 220 44.7
Greensboro Regional GSO 80 151 203 34.4
Ontario Int’] ONT 81 151 316 109.3
Little Rock Adams LIT 82 149 241 61.7
Jacksonville Int'l JAX 83 148 182 23.0
Des Moines DSM 84 146 248 69.9
Oklahoma City Will Rogers World OKC 85 145 222 53.1
Harrisburg Intl CXY 86 140 188 343
Buffalo Int'l BUF 87 140 175 25.0
Lubbock Int’l LBB 88 133 189 421
Charleston (SC) AFB Intl CHS 39 132 170 28.8
Spokane Int’l GEG 90 121 167 38.0
Lihue LIH 91 114 159 39.5
Columbia (SC) Metro CAE 92 113 183 61.9
Fort Myers SW Florida Regional RSW 93 69 134 94.2
Portland (ME) Int’l Jetport PWM 94 112 139 241
Savannah Int’l SAV 95 109 166 52.3
Hilo General Lyman ITO 96 100 116 16.0
Midland Intl MAF 97 97 160 64.9
Amarillo AMA 98 86 119 38.4
Greer Greenville-Spartanburg GSP 99 69 100 449
Guam Agana Field NGM 100 67 72 7.5
Total 25,870 34,921 36.1

Sources:
APO Terminal Area Forecasts.
£A4 Arr Traffic Activity FY90 data.

9. At the top 100 airports, ranked by 1990 total operations




1991 - 92 Aviation System Capacity Plan

Appendix A - 11

Table A-4. Growth in Enplanements From 1988 to 1989 '

Enplanements
Airport (000s)
City-Airport 1D Rank CY88 CYs89 % Growth
Guam Agana Field NGM 1 487 624 28.1
Kailua-Kona Keahole KOA 2 837 982 173
El Paso Intl ELP 3 1,427 1,672 17.2
Raleigh-Durham Int’l RDU 4 3,518 4,117 17.0
Nashville Metro BNA 5 3,244 3,746 15.5
Long Beach LGB 6 579 662 14.3
Dallas Love DAL 7 2,475 2,774 12.1
San Jose Int’l SJC 8 2,774 3,094 11.5
Oakland Metro Int’] OAK 9 1,826 2,031 11.2
Salt Lake City Int't SLC 10 4,730 5,244 10.9
Ontario Intl ONT 11 2,354 2,609 10.8
Albuquerque Int’l ABQ. 12 2,113 2,337 10.6
Hilo General Lyman ITO 13 553 611 10.5
Anchorage ANC 14 1,052 1,159 10.2
Grand Rapids Kent County Intl GRR 15 597 649 8.7
Portland (OR) Intl PDX 16 2,823 3,055 8.2
Dallas-Fort Worth Int’ DFW 17 21,014 22,623 7.7
Lubbock Int’l LBB 18 583 628 7.7
Little Rock Adams LIT 19 880 907 7.6
Phoenix Sky Harbor Int’l PHX 20 9,455 10,166 7.5
Chicago Midway MDW 21 3,174 3,410 7.4
Honolulu Int’l HNL 22 8,396 8,944 6.5
Cincinnati Intl CVG 23 3,543 3,771 6.4
Lihue LIH 24 1,264 1,341 6.1
Tulsa Int’l TUL 25 1,362 1,441 5.8
Detroit Metro Wayne County DTW 26 9,214 9,739 5.7
Harrisburg MDT 27 421 444 5.5
Kahului OGG 28 2,026 2,133 5.3
Austin Robert Mueller AUS 29 1,922 2,022 5.2
Milwaukee Mitchell Int'l MKE 30 1,779 1,872 5.2
Washington Dulles Int’] IAD 31 4,327 4,544 5.0
Cleveland Hopkins Int'l CLE 32 3,547 3.722 4.9
Indianapolis Intl IND 33 2,406 2,523 4.9
Harlingen Rio Grande Intl HRL 34 510 535 4.9
Fort Myers SW Florida Regional RSW 35 1,460 1,526 4.5

10.  Top 100 airports ranked by growth in total enplanements.
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Table A-4.  Growth in Enplanements From 1988 to 1989 (continued) "

Enplanements

Airport (000s)
City-Airport ID Rank CYss cY89 % Growth
Charlotte Douglas Int’l CLT 36 6,620 6,903 43
San Antonio Int'l SAT 37 2,392 2,493 4.2
Minneapolis-St. Paul MSP 38 8,171 8,460 3.5
Seattle-Tacoma SEA 39 6,826 7,060 24
Oklahoma City Will Rogers World OKC 40 1,493 1,540 3.2
San Diego Lindbergh SAN 41 5,181 5,317 2.6
Albany ALB 42 817 838 2.6
Las Vegas McCarran LAS 43 6,865 7,027 2.4
Houston Intercontinental IAH 44 6,872 7,030 23
Houston Hobby HOU 45 3,840 3,927 2.3
Amarillo/Borger AMA 46 433 442 2.1
West Palm Beach Int'l PBI 47 2,361 2,404 1.8
Baltimore-Washington Int'l BWI 48 4,370 4,446 1.7
Boise BOI 49 526 534 1.5
Santa Ana John Wayne SNA 50 2,156 2,174 0.8
Birmingham Municipal BHM 51 983 990 0.7
Providence Green State PVD 52 945 952 0.7
Sacramento Metro SMF 53 1,792 1,800 0.5
San Juan Luis Mufoz Marin Intl SJU 54 3,264 3,269 0.1
San Francisco Int’l SFO 55 13,348 13,326 -0.2
Los Angeles Int’l LAX 56 18,643 18,583 -0.3
Midland Int’l MAF 57 602 597 -0.8
New Orleans Int’l MSY 58 3,200 3,171 -0.9
Orlando Intl MCO 59 7,473 7,373 -1.3
Wichita Mid-Continent ICT 60 602 593 -1.5
St. Louis Lambert Int’l STL 61 9,554 9,396 -1.7
Tampa Int'] TPA 62 4,495 4,409 -19
Windsor Locks Bradley Int’l BDL 63 2,322 2,270 -2.2
Spokane Int'l GEG 64 744 727 -2.3
Kansas City Int'l MCI 65 4,470 4,357 -2.5
Dayton Int'l DAY 66 2,140 2,083 -2.7
Richmond Int’l RIC 67 851 827 -2.8
Greer Greenville-Spartanburg GSP 68 507 493 -2.8
Jacksonville Int’] JAX 69 1,288 1,249 -3.1
Chicago O'Hare Intl ORD 70 26,597 25,664 -3.5

11, Top 100 airports ranked by growth in total enplanements.
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Table A-4. Growth in Enplanements From 1988 to 1989 (concluded) 2

Enplanements

Airport (000s)
City-Airport 1D Rank CY8s cY89 % Growth
New York LaGuardia LGA 71 11,322 10,840 -4.3
Omaha Eppley OMA 72 1,052 1,007 -4.3
Boston Logan Intl BOS 73 10,141 9,661 -4.7
Washington National DCA 74 7,259 6,896 -5.0
Pittsburgh Int’l PIT 75 8,379 7,941 -5.2
New York Kennedy Int’l JFK 76 10,660 10,081 -5.4
Columbus Int’] CMH 77 1,759 1,662 -5.8
Des Moines DSM 78 708 669 -5.5
Philadelphia Int’] PHL 79 6,634 6,247 -5.8
Sarasota-Bradenton SRQ._ 80 §43 794 -5.8
Savannah int’l SAV 81 531 499 -6.0
Reno Cannon Intl RNO 82 1,452 1,360 -6.3
Colorado Springs Municipal COS 83 641 600 -6.4
Atlanta Hartsfield Int’] ATL 84 21,824 20,398 -6.5
Fort Lauderdale Intl FLL 85 3,899 3,646 -6.5
Tucson Int’l TUS 86 1,407 1,311 -6.8
Rochester Monroe County ROC 87 1,242 1,149 -7.5
Columbia (SC) Metro CAE 88 531 487 -8.3
Buffalo Int’l BUF 89 1,780 1,629 -8.5
Miami Int’l MIA 90 9,462 8,592 -9.2
Newark Int’l EWR 91 10,838 9,822 9.4
Knoxville McGhee-Tyson TYS 92 532 482 -9.4
Burbank BUR 93 1,458 1,320 -9.5
Charleston (SC) AFB Intl CHS 94 662 597 -9.8
Greensboro Regional GSO 95 994 894 -10.1
Louisville Standiford SDF 96 1,014 910 -10.3
Memphis Int'l MEM 97 4,533 3,990 -12.0
Norfolk Int'l ORF 98 1,492 1,298 -13.0
Syracuse Hancock Int’l SYR 99 1,474 1,272 -13.7
Denver Stapleton Int’l DEN 100 14,442 12.320 -14.7
Total 410,652 408,755 1.3

Sources: Enplanement data: Airport Activity Statistics of Cer tificated Route Air Carriers, 1988 and 1989 data.

12. Top 100 airports ranked by growth in total enplanements.
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Table A-5. Growth in Operations From 1989 to 1990

Operations
Airport (000s)
City-Airport ID Rank FY89 FY90 % Growth
Fort Myers SW Florida Regional RSW 1 57 113 49.6
Scattle-Tacoma SEA 2 328 426 29.9
Miami Intl MIA 3 378 463 225
Greer Greenville-Spartanburg GSP 4 67 82 223
San Diego Lindbergh SAN 5 207 259 20.1
Atlanta Hartsfield Intl ATL 6 670 779 16.3
Guam Agana Field NGM 7 59 67 13.6
Grand Rapids Kent County Int'l GRR 8 151 169 11.9
Albany ALB 9 165 184 11.5
Indianapolis Intl IND 10 203 225 10.4
Lubbock Int'l LBB 11 120 133 9.8
New Orleans Intl MSY 12 103 97 9.3
Boston Logan Int'l BOS 13 417 448 7.5
Cincinnati Int'] CVG 14 265 285 7.5
Hilo General Lyman ITO 15 93 100 7.0
San Antonio Int] SAT 16 204 219 6.9
Charlotte Douglas Int'l CLT 17 424 452 6.6
Cleveland Hopkins Intl CLE 18 257 273 6.2
Milwaukee Mitchell Int’l MKE 19 197 209 6.1
Birmingham Municipal BHM 20 187 199 6.1
Detroit Metro Wayne County DTW 21 369 391 6.0
Los Angeles Int LAX 22 632 669 5.6
Oklahoma City Will Rogers World OKC 23 137 145 5.6
Philadelphia Intl PHL 24 383 405 5.5
San Juan Luis Mufioz Marin Int’] SJu 25 194 205 5.4
Greensboro Regional GSO 26 143 151 5.3
Ontario Int'l ONT 27 143 151 5.3
Houston Intercontinental 1AH 28 294 310 5.2
Colorado Springs Municipal COS 29 168 177 5.1
Boise BOI 30 160 168 4.9
Tampa Int’l TPA 31 217 227 4.6
Windsor Locks Bradley Intl BDL 32 174 182 4.6
Wichita Mid-Continent ICT 33 167 175 4.6
Dallas-Fort Worth Int DFW 34 694 725 45
Long Beach LGB 35 462 483 45

13, At the top 100 airports, raaked by growth in total operations.




1991 - 92 Aviation System Capacity Plan Appendix A - 15

Table A-5. Growth in Operations From 1989 to 1990 (continued) '

Operations
Airport (000s)
City-Airport iD Rank FY89 FY90 % Growth
Las Vegas McCarran LAS 36 378 395 4.4
Tulsa Int’l TUL 37 187 195 4.2
Austin Robert Mueller AUS 38 185 193 4.2
St. Louis Lambert Int’] STL 39 425 443 4.1
Richmond Int] RIC 40 154 160 3.9
Louisville Standiford SDF 41 151 157 39
Houston Hobby HOU 42 257 267 3.8
Raleigh-Durham Intl RDU 43 273 283 3.6
Phoenix Sky Harbor Int’l PHX 44 480 497 3.5
Fort Lauderdale Intll FLL 45 217 226 3.4
Kailua-Kona Keahole KOA 46 57 59 34
Anchorage ANC 47 212 219 33
Tucson Int1 TUS 48 222 229 3.1
Salt Lake City Int’] SLC 49 293 302 3.0
Knoxville McGhee-Tyson TYS 50 162 167 3.C
Buffalo Int’l BUF 51 136 140 29
Chicago O'Hare Int’l ORD 52 789 811 2.7
Lihue LIH 53 111 114 2.7
New York LaGuardia LGA 54 356 365 2.5
Sarasota-Bradenton SRQ_ 55 164 168 2.4
Washington Dulles Int'l IAD 56 235 240 21
West Palm Beach Intl PBI 57 234 239 2.1
Newark Int’l EWR 58 377 384 1.9
Chicago Midway MDW 59 316 322 1.9
Norfolk Int’l ORF 60 158 160 1.9
Savannah Intl SAV 61 107 109 1.8
Syracuse Hancock Intl SYR 62 180 183 1.7
Pittsburgh Int'] PIT 63 379 385 1.6
Minneapolis-St. Paul MSP 64 376 382 1.6
Charleston (SC) AFB Int’l CHS 65 130 132 1.5
Denver Stapleton Intl DEN 66 468 475 15
Portland (OR) Int'l PDX 67 268 272 15
New York Kennedy Int]l JFK 68 337 342 15
Washington National DCA 69 316 320 1.3
Amarillo/Borger AMA 70 85 86 1.2

14, At the top 100 airports, ranked by growth in total operations.
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Table A-5. Growth in Operations From 1989 to 1990 (concluded) **

Operations
Airport (000s)

City-Airport ID Rank FY89 FY90 % Growth
San Francisco Int'l SFO 71 434 437 0.7
San Jose Int'l SJC 72 318 320 0.7
Little Rock Adams LIT 73 148 149 0.7
Reno Cannon Int’l RNO 74 163 164 0.6
Honolulu Intl HNL 75 406 407 0.2
Dallas Love DAL 76 214 214 0.0
Sacramento Metro SMF 77 177 177 0.0
Baltimore-Washington Int’l BWI 78 307 304 -1.0
Memphis Int'l MEM 79 334 330 -1.2
Kahului 0OGG 80 182 179 -1.7
Santa Ana John Wayne SNA 81 534 523 -2.1
Albuquerque Intl ABQ_ 82 231 226 -2.2
Columbia (SC) Metro CAE 83 116 113 -2.6
Orlando Int'l MCO 84 286 278 -2.8
Omaha Eppley OMA 85 158 153 -3.2
Jacksonville Int’l JAX 86 153 148 -3.3
Oukland Metro Int'l OAK 37 403 389 -3.5
Columbus Int’l CMH 88 233 224 -3.9
Burbank BUR 89 246 235 -4.5
Dayton Intll DAY 90 205 197 -4.7
El Paso Intl ELP 91 188 179 -4.8
Harrisburg Int'l MDT 92 147 140 -4.8
Harlingen Rio Grande Int’l HRL 93 63 60 -4.8
Nashville Metro BNA 94 276 259 -6.2
Midland Int'l MAF 95 103 97 -5.9
Des Moines DSM 96 160 146 -9.5
Providence Green State PVD 97 200 180 -11.1
Rochester Monroe County ROC 98 205 184 -12.0
Kansas City Int] MCI 99 239 162 -32.2
Spokane Int’] GEG 100 119 87 -36.7
Total 24,960 25,749 3.42

Sources:
AP0 Terminal Area Forecasts. FAA Air Traffic Activity FY89 and FY90.

15. At the top 100 airports, ranked by growth in total operations.
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Table A-6. Growth in Operations and Enplanements '

% Growth in % Growth in
Airport Enplanements Operations

City-Airport iD Rank CY88 to CY89 FY89 to FY90
Albany ALB 1 2.6 11.5
Albuquerque Int’l ABQ_ 2 10.6 -2.2
Amarillo/Borger AMA 3 2.1 1.2
Anchorage ANC 4 10.2 18.9
Atlanta Hartsfield Intl ATL 5 -6.5 16.3
Austin Robert Mueller AUS 6 52 4.3
Baltimore-Washington Intl BWI 7 1.7 -0.1
Birmingham Municipal BHM 8 0.7 6.4
Boise BO1 9 1.5 5.0
Boston Logan Intl BOS 10 -4.7 7.4
Buffalo Int’l BUF 11 -8.5 29
Burbank BUR 12 -9.5 -4.7
Charleston (SC) AFB Intl CHS 13 -9.8 1.5
Charlotte Douglas Int'l CLT 14 4.3 6.6
Chicago Midway MDW 15 7.4 1.9
Chicago O’Hare Intl ORD 16 -3.5 2.8
Cincinnati Int’l CcvG 17 6.4 7.5
Cleveland Hopkins Int'l CLE 18 4.9 6.2
Colorado Springs Municipal COS 19 -6.4 5.4
Columbia (SC) Metro CAE 20 -8.3 -2.7
Columbus Intl CMH 21 -5.5 -4.0
Dallas Love DAL 22 12.1 0
Dallas-Fort Worth Int’l DFW 23 7.7 45
Dayton Int’] DAY 24 -2.7 -4.0
Denver Stapleton Int’] DEN 25 -14.7 1.5
Des Moines DSM 26 -5.5 -9.6
Detroit Metro Wayne County DTW 27 5.7 6.0
El Paso Intl ELP 28 17.2 -5.0
Fort Lauderdale Int’l FLL 29 -6.5 3.2
Fort Myers SW Florida Regional RSW 30 4.5 98.2
Grand Rapids Kent County Int'l GRR 31 8.7 11.9
Greensboro Regional GSO 32 -10.1 5.6
Greer Greenville-Spartanburg GSP 33 -2.8 3.0
Guam Agana Field NGM 34 28.1 13.6
Harlingen Rio Grande Intl HRL 35 49 -5.0

16. At the top 100 airports, in alphabetical order.
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Table A-6.  Growth in Operations and Enplanements (continued) ¥

% Growth in % Growth in
Airport Enplanements Operations
City-Airport iD Rank CY88 to CY89 FY89 to FY90
Harrisburg MDT 36 5.5 8.5
Hilo General Lyman ITO 37 10.5 7.5
Honolulu Int'l HNL 38 6.5 0.2
Houston Hobby HOU 39 23 3.9
Houston Intercontinental IAH 40 23 5.4
Indianapolis Int’l IND 41 49 10.8
Jacksonville Intt JAX 42 -3.1 -3.4
Kahului OGG 43 5.3 -1.7
Kailua-Kona Keahole KOA 44 17.3 3.5
Kansas City Intl MCI 45 -2.5 -47.5
Knoxville McGhee-Tyson TYS 46 9.4 31
Las Vegas McCarran LAS 47 2.4 45
Lihue LIH 48 6.1 2.7
Little Rock Adams LIT 49 7.6 0.7
Long Beach LGB 50 14.3 45
Los Angeles Int'l LAX 51 -0.3 5.9
Louisville Standiford SOF 52 -10.3 6.0
Lubbock Int’l LBB 53 7.7 10.8
Memphis Int'l MEM 54 -12.0 -1.2
Miami Int1 MIA 55 -9.2 225
Midland Int'l MAF 56 -0.8 -6.2
Milwaukee Mitchell Int’l MKE 57 5.2 6.1
Minneapolis-St. Paul MSP 58 3.5 1.6
Nashville Metro BNA 59 15.5 -6.6
New Orleans Int'l MSY 60 -0.9 9.4
New York Kennedy Int'l JFK 61 -5.4 15
New York LaGuardia LGA 62 -4.3 25
Newark Int’l EWR 63 -9.4 1.9
Norfolk Intll ORF 64 -13.0 1.9
Oakland Metro Int'l OAK 65 11.2 -3.6
Oklahoma City Will Rogers World OKC 66 3.2 5.8
Omaha Eppley OMA 67 -4.3 -3.3
Ontario Int'l ONT 68 10.8 5.6
Orlando Int’l MCO 69 -1.3 -29
Philadelphia Int'l PHL 70 -5.8 5.7

17.At the top 100 airports, in alphabetical order.
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Table A-6. Growth in Operations and Enplanements (concluded) '®

% Growth in

% Growth in

Airport Enplanements Operations

City-Airport ID Rank CY88 to CY89 FY89 to FY90
Phoenix Sky Harbor Int'l PHX 71 7.5 35
Pittsburgh Int’l PIT 72 -5.2 1.6
Portiand (OR) Intl PDX 73 8.2 1.5
Providence Green State PVD 74 0.7 -11.1
Raleigh-Durham Int’l RDU 75 17.0 3.7
Reno Cannon Int'l RNO 76 -6.3 0.6
Richmond Int'l RIC 77 -2.8 39
Rochester Monroe County ROC 78 -7.5 -11.4
Sacramento Metro SMF 79 0.5 0
Salt Lake City Intl SL.C 80 109 3.1
San Antonio Int'] SAT 81 4.2 7.4
San Diego Lindbergh SAN 82 2.6 2.4
San Francisco Int'l SFO 83 -0.2 0.7
San Jose Int’] SJC 84 11.5 0.6
San Juan Luis Mufioz Marin Int’l SJjU 85 0.1 5.7
Santa Ana John Wayne SNA 86 0.8 -2.1
Sarasota-Bradenton SRQ. 87 -5.8 2.4
Savannah Intll SAV 88 -6.0 1.9
Seattle-Tacoma SEA 89 34 29.9
Spokane Int’l GEG 90 -2.3 1.7
St. Louis Lambert Int'l STL 91 -1.7 42
Syracuse Hancock Int’l SYR 92 -13.7 1.7
Tampa Intl TPA 93 -1.9 4.6
Tucson Int'l TUS 94 -6.8 3.2
Tulsa Intl TUL 95 5.8 4.3
Washington Dulles Int'l IAD 96 5.0 21
Washington National DCA 97 -5.0 1.3
West Palm Beach Intl PBI 98 1.8 2.1
Wichita Mid-Continent 1ICT 99 -1.5 4.8
Windsor Locks Bradley Int’] BDL 100 -2.2 4.6

Sources:
Ennlancment data: Airport Activity Statistics of Certificated Route Air Carriers, 1988 and 1989 data.
O sions data: F44 Air Traffic Activity FY89 and FY90 data.

18. At the top 100 airports, in alphabetical order.
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Appendix B

Airport Capacity Design Team Project Summaries

The Airport Capacity Design Teams identify and evaluate
various actions, which, if implemented, wouid increase capacity,
improve operational efficiency, and reduce delay at the airports
under study. The Capacity Teams examine proposed alternatives to
determine their technical merit. Environmental, socioeconomic,
and political issues are not assessed. These issues will be zddressed
in other airport planning efforts, like th.e master planning process.

For those airports where the Airport Capacity Design Team
has completed its study, the project summaries and airport layouts
contained in this appendix document the capacity improvement
alternatives included in the final report. i hey have not been up-
dated to include any subsequent changes at the airports. For those
airports where the Capacity Team’s analysis is still in progress, the
proposed capacity improvement alternatives listed may well change
as the study evolves.

The following capacity teams were recently initiated, and initial
recommendations had not been finalized at press time: Cincinnati,
Honolulu, New Orleans, San Antonio, Ft. Lauderdale, Houston,
and Cleveland.
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Atlanta-Hartsfield International AiIrport............cciiiiiiriiiiiiiiieeec et e e B-5
Charlotte/Douglas International AifPOTt ...........ccccciiviiiiiiiiieiniiceee et sre e sree e B-7
Chicago MIAWaY AIMPOT ........ceiiiiiiiiiiiicieeieie et e et ee s e rrre e e bt aeserese e s nseasssnnnaeenanes B-9
Chicago O’Hare International Airport ............coccviiiimiiiiiiiiniee e cerreeeeeree e e areeeenaree s B-11
Detroit Metropolitan Waync County AIrPOTt .........cocociiiiiiiiiiiiciiiiicireecrresereceeesreneeeee e B-13
Greater Pittsburgh International Airport ........c.coovviiiiiie e, B-15
Kansas City International AIfPOrt .............coocovimiiiiiiii ettt erre e B-17
Los Angeles International Airport ............coeeeiiiiiiiiiiiiiiiiiicie e eae e B-19
Memphis International AIrpOrt ..........ccccueiiieiiiiiiiiiiiii e B-21
Miami International AIrPOrt .........coocoiiiiiiiiiriiii ettt eeeee e et e e s eaae e B-23
Nashville International Airport..................... e e e s nra et e e e steteesens B-25
Oakland International AirPOrt............c.ccoouiireiiiiiiiiiiiiieccrt ettt et ee e e s rea e B-27
Orlando International AIrPOrt .............cooiiiiiiiiiiiiiiiiiii et B-29
Philadelphia International AIrport .............ccocceiiiiiiiiiiiiiiiicriieetee e e B-31
Phoenix-Sky Harbor International Airport ............ccooveviiiiiiiiiiiiiiiiirccineeceecere e B-33
Raleigh-Durham International Airport ..........cccciiiiieeiiiiriereiicn ettt s a e B-35
Salt Lake City International AIFPOTIT ...........ccoiiriiiiiiiiiiiiiiirerece e ccrnrereeee e et e s e e s e s e sanns B-37
San Francisco International AIrpOrt ...........ccoocoiiiiiiiiiiiiiie ettt sre e B-39
San Jose International AIrPOTt..........coeiviiiiircnniriiiiitiiii et ce s st e s nae s s snaaanas B-41
San juan Luis Mufioz Marin International Airport ..........c..cceveveieerriiieeniviennreee s ee e B-43
Seattle-Tacoma International AirpOrt .........c.cccciiiiiiiiiiiiiiiicnirii et e s sree e seaaeas B-45
Lambert-St. Louis International AIfport .............cceiieiiiiiiiiiiiiiiieinccriereecee e e e e B-47
Washington Dulles International Airport ............coooeiieiiiiiiniiieinierriieeeenersreee s e cecerenee e B-49
Legend

B txisting Runway

Existing Taxiway/Apron
B Froposed Runway/Runway Extension

_ __T| Proposed Taxiway/Apron/Facility Improvements

I
i e e

Wl Buildings

@ Numbers are keyed to alternatives listed in
Airport Project Summary

Note: Some buildings/structures may have
been removed for clarity.
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Atlanta-Hartsfield International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

1.

RATIE I S N

International concourse

Fifth concourse

Commuter/GA terminal and runway complex south of Runway 9R/27L
Three hold pads/bypass taxiways at end of departure runways

Taxiway C parallel to the west of Taxiway D

Facilities and Equipment Improvements

7.
8.
9.

10.
11.
12.
13.
14.

Expedite development and installation of wake vortex forecasting and avoidance systems
Upgrade NAVAIDs and approach lights on Runway 26R and 27L to Category II
Update terminal approach radar

Upgrade RVR system to CAT IIIB and ICAO standards

Install ASDE-3 with tracking

Install touchdown zone lights on Runway 271

Precision Runway Monitor (PRM)

CATIIILS

Operational Improvements

15.
16.

Reduce arrival separations to 2.5 nm

Enhance traffic management procedures

User Improvements

17.

Depeak airline schedules within the hour
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Charlotte/Douglas International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Build third parallel runway, Runway 18W/36W

1a. Two IFR arrival streams

1b. Three IFR arrival streams (one dependent)

1c. Three IFR independent arrival streams

Build fourth parallel runway, Runway 18E/36E
Extend Runway 36R further south

Extend Taxiway D full Runway 181/36R length
Build angled exits off Runway 18L

Build angled exits off Runway 23

Construct departure sequencing pads at runway ends

© NNk LN

Install centerline lights on Runway 5

Facilities and Equipment Improvements
9. Install Category I ILS on Runway 23

10. Install Category I/III ILS on Runway 18R

11. Install Category I/III ILS on Runway 18L

12. Install Category I/III ILS on Runway 36R

13. Install Airport Surface Detection Equipment (ASDE)

14. Expand the Charlotte TRACON and ARTS-IIIA

15. Acquire the Aircraft Situation Display (ASD)

16. Install Precision Runway Monitor (PRM)

17. Install approach light system on Runway 18L and Runway 23

Operational Improvements
18. Waiver to conduct intersecting runway operations with wet runways

19. Increase Charlotte tower satellite control positions for departures
20. Identify departure restrictions

Other Improvements
21. Improve reliever airports (reduce GA by 50%)
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Chicago Midway Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

® N ok W

Runway 31L hold pad

Extension to Runway 221

Parallel taxiway between Runways 13R/31L and 131./31R
Runway 22L hold pad

Expand apron/gate area

Rehabilitation of Runway 13L/31R

Reduce arrival minimums for Runways 4R and 311

Commission general aviation Runway 13/31

Air Traffic Control Operational Improvements

9.

10.
11.
12.
13.

Intersecting runway operations

Silent release departures

Dual approach procedures to Runways 31L, 31R, 4L, and 4R
Straight-in approach to Runway 221

Meig’s instrument approach capability

Research/New Technology Improvements

1.

2.
3.
4

Reduce/eliminate miles-in-trail restrictions
Examine flow control procedures
Reduce aircraft separation criteria

Examine Chicago airspace organization
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Chicago O’Hare International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

Southern Runway 9R/27L parallel taxiway
Additional Category II/III approach capability

1. Large flow-through aircraft holding areas (“Chicago hold pads”)
2. Runway 4R angled exit

3. New Runways 14/32 and 9/27

4. Northward relocation of Runways 9L/27R and 4L/22R

5. Extension to Runway 14L

6. Extension to Runway 22L

7.

8.

Air Traffic Control Operational Improvements
9. Triple converging instrument approach procedures

10. Intersecting wet runway operations on Runway 14L.

11. Independent triple IFR approach procedures

Research/New Technology Improvements
1. Reduce/eliminate miles-in-trail restrictions

2. Examine flow control procedures
3. Reduce aircraft separation criteria
4

Examine Chicago airspace organization
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Appendix B-13

Detroit Metropolitan Wayne County Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

1.
2.

4.
5.

Holding apron and taxiway south

Runway and taxiway improvements

2a. High-speed exit taxiway - Runway 21R to Taxiway Y
2b. Extend Taxiway Z to Taxiway V

2c. Construct and expand holding aprons at Runways 3C, 3L, and 3R
2d. Extend inner taxiway parallel to Taxiway H

2e. Construct exit taxiway - Runway 9/27 to Taxiway H
2f. Construct Taxiway S to east GA area

Terminal improvements

3a. Terminal expansion

3b. Mid-field terminal

Construct independent crosswind Runway 9R/27L
Construct independent fourth north/south runway

Facilities and Equipment Improvements

7.

Upgrades on Runway 3C

7a. ILS, MLS, and approach lights on existing Runway 3C
7b. RVR for existing Runway 3C

ASDE

Terminal Doppler Weather Radar (TDWR)

. RVR and centerline lights on Runway 27

Expedite development and installation of wake vortex forecasting and avoidance system
Install an airport VOR

Air Traffic Control Improvements

14.
15.
16.
17.
18.
19.

Independent converging VFR/IFR approaches to Runways 27 and 21R, hold short of Runway 21R
Add controller positions, establish STAR routes, relocate MOTER intersection

Use departure corridors

Realign Cleveland Center sector airspace

Expand tower en route program

Reduce arrival longitudinal separation to 2.5nmi

19a. Runway occupancy time reduced 10%

19b. Runway occupancy time reduced 20%

19¢. Runway occupancy time reduced 30%

User Improvements

20.
21.

Relocate general aviation traffic users
More uniform distribution of scheduled operations within the hour




—

Appendix B - 14 1991 - 92 Aviation System Capacity Plan

Contro!
Tower

N T T
5,000 ft.
S Facility/Taxiway to be removed




1991 - 92 Aviation System Capacity Plan Appendix B - 15

Greater Pittsburgh International Airport
Capacity Design Team Project Summary

Recommendations

Airfirld Improvements

Runway Extension

1.

Extend Runway 10C/28C 2,000 feet west

One New Runway

2.

3.
4.
5

Build 8,500 foot independent south parallel runway 4,300 feet south of Runway 10R/28R
Build 8,200 foot north parallel runway 1,000 feet north of Runway 10L/28R

Build 8,500 foot dependent south parallel runway 3,100 feet south of Runway 10R/28L
Build 9,000 foot crosswind Runway 14R/32L 8,700 feet west of Runway 14/32

Two New Runways

6.
7.
8.

Build north and south parallel runways
Build two south parallel runways, 3,100 and 4,300 feet south of Runway 10R/28L

Build south parallel and crosswind runways

Terminal Area Improvements

9.

Add new gates to northwest finger of new Mia "eld Terminal and improve Taxiway H to Taxiway R

10. Add new gates to southwest finger of new Midfield Terminal and improve Taxiway K from Taxiway

Wto A

Facilities and Equipment Improvements
11. Upgrade Runway 10R to CAT IVIIT ILS

12. Install Precision Runway Monitor (PRM)

Operational Improvements
13. Conduct an airspace capacity design project and re-structure terminal airspace
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Kansas City International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
Independent 9500' Runway 1R/19L

Dependent 10,000’ parallel Runway 9R/27L
Independent 10,000 parallel Runway 18R/36L
Dependent 10,000 parallel Runway 18L/36R

Add fourth terminal

Extend Taxiways B and D to Taxiway H

Build holding aprons west of Terminal B

High speed exit at A2 for Runway 1L

High speed exit at A3 for Runway 19R

Extend Taxiway B5 to Runway 19R for GA

. High speed exit between C5 and C7 for Runway 27R

YO NS R
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Facilities and Equipment Improvements
12. CAT IIILS on Runway 1R

13. CATIILS on Runway 19L

14. Install ILS/MLS for Runway 27R

15. DME for Runways 11/19R and 1R/19L
16. RVR for Runway 1R/19L

17. Upgrade Runway 1L ILS to CAT 111

18. Benefit of ASDE

Operational Improvements
19. Simultaneous converging instrument approaches

20. Impact of terminal service road

21. Impact of perimeter service road

22. Effect of noise restrictions

23. Effect of ARSA separations within the TCA

User Improvements
24. Uniformly distribute scheduled commercial operations within the hour

25. Reduce ROT through pilot and controller education
26. Reduce longitudinal separations to 2.5 nm
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Los Angeles International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Construct departure pads (staging areas) at ends of runways

2. Construct new gates west side of Tom Bradley International Terminal (TBIT)

3. Construct 11-gate domestic terminal (east of Sepulveda) and 24-gate international terminal on the
west end

4.  West end development
4a. Construct 24 remote gates (no terminal) for domestic and international operations
4b. Construct 24-gate passenger terminal for domestic and/or international operations
5. Extend Taxiway K to the east
Construct high-speed Taxiway 43
7. Extend Taxiways 48 and 49 to Taxiway F

Facilities and Equipment Improvements
8. Construct new air traffic control tower

9. Upgrade ILS on Runway 25L to CAT 111

Procedures Improvements
10. Taxi aircraft versus towing from remote parking areas to gates

11. Restructure Los Angeles Basin airspace




Appendix B - 20 1991 - 92 Aviation System Capacity Plan

-
|
|




1991 - 92 Aviation System Capacity Plan

Memphis International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

0 0 NS hA LN
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@

11.
12.

Construct Runway 18E/36E, dual departures

Construct Runway 18E/36E, triple departures in VFR-1

Construct Runway 18E/36E, triple departures in all weather conditions (waiver required)
Extend inner paralle! taxiway north to Taxiway V

Extend outer Taxiway P north to Taxiway V

Extend Runway 18L/36R south

Extend Taxiway A from B to BB

Large freight ramp, east of Runway 18E, south of Runway 27
Extend Taxiway BB to approach end of Runway 36L

New crossover Taxiway KK, south of Taxiway HH

Terminal expansion

Angled exits on Runway 18R/36L (reduce occupancy times by 10%)

Facility and Equipment Improvements

13.
14.
15.
16.
17.

CAT H/IT ILS on Runway 36R

CAT II/II ILS on Runway 36E

CAT IVIII ILS on Runways 18R, 18L, and 18E

Install Airport Surface Detection Equipment (ASDE)
Re-route high altitude traffic away from MEM VORTAC

Operational Improvements

18.
19.
20.
21
22.

Reduce longitudinal spacing to 2.5 nm between similar class, non-heavy arrivals
Reduce lateral spacing (simultaneous ILS approaches to existing parallels)

Small aircraft hold short of Runways 3/21 and 15/33 when landing Runway 27 (regardless of wind)

1.5 mile staggered ILS approach to existing parallels

Relief from airspace criteria

User Improvements

23.

Reduce small-slow aircraft by 10 %; by 25 %

24. Uniformly distribute traffic within the hour

25.
26.

Increase GA forecast by 20%
Relocate Air Guard off airport
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Miami International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Dual taxiway around Concourse H (remove 2 end gates)

2. Extend Taxiway L to Runway 9L end

3. Construct new partial dual Taxiway K

4.  Develop improved exits for Runway 9L/27R northside
4a. Strengthen/reconstruct Runway 91/27R

5. Improve Exits M4 and M5 on Runway 9L/27R

Facility and Equipment Improvements
6. CAT II on Runway 9L

7. CAT II on Runway 9R

8. Install touchdown and midpoint RVRs on Runway 9R
10. Glideslope, MALSR, and middle marker on Runway 30
11. ASDE

12. Benefits of MLS

13. Install midpoint and rollout RVRs on Runway 9L

Operational Improvements
14. Independent converging IFR approaches to Runways 12 and 9R

15. Independent converging IFR approaches to Runways 27R and 30
16. 2.5 mile in-trail longitudinal approach separation (IFR)
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Nashville International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

1.

2.
3.
4

Relocate Runway 2C and extend to 8,000 ft

Extend Runway 13 to the northwest

Extend Runway 2L 1,300 ft. or more to the south

Improve terminal taxiways and ramp

4a. Extend Taxiway 1

4b. Extend Taxiway B hold

4c. Construct dual lane at Taxiway T-4

4d. Construct dual lane at Taxiway T-6

Construct new Runway 2E/20E 1,500 to 3,000 ft. east of existing Runway 2R/20L
5a. Less than 2,500 ft. east of Runway 2R/20L

Sb. 2,500 ft. east of Runway 2R/20L (dependent)

Extend existing Runway 20L 1,000 ft. north

Extend existing Runway 2R 1,000 ft. south

Construct holding (departure sequencing) pads on all runway ends (bypass capability)
Construct taxiway from GA area to Runway 31 departure end

Construct crossover taxiway from ramp to Runway 20L.

. Construct connecting taxiway from Concourse D to Runway 2R/20L
. Construct new exit for commuters east off Runway 20R at 5,000 ft
. Expand existing terminal

Round off fillet at Taxiway C and Runway 2L

Facilities and Equipment Improvements

15.
16.

Upgrade ILS on all existing and future runways
Install wake vortex advisory system

Operational Improvements

17.
18.
19.

20.

Encourage GA use of reliever airports

Conduct IFR dependent converging approaches to Runways 13 and 20L

Conduct an airspace capacity design project and re-structure terminal and en route airspace
19a. Evaluate airspace restrictions

19b. Revise low-altitude airway structure

Establish a terminal control area (TCA)
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Oakland International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
Construct taxiway from southeast corner of terminal to Runway 29 approach threshold

Build taxiway parallel to Runway 271

Add taxiway between north and south complexes

Convert Taxiway 1 to air carrier Runway 29 and add parallel taxiway
Enlarge staging pads at entrances to Runway 11/29

Construct additional angled exit off Runway 11

Build penalty box on south side of approach end of Runway 29

N oA W N

Facilities and Equipment Improvements
8. Install MLS on Runways 29 and 27

9. Install a non-directional beacon approach to Runway 29
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Orlando International Airport
(Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Extend Taxiway C to threshold of Runway 36R

2. Construct new heliport

3. Construct north crossfield taxiway

4a. Construct new Taxiway B9 from Runway 36R to Runway 36L.

4b. Construct new Taxiway B9 from Taxiway A to threshold of Runway 36L.
5. Construct staging areas on all runways

6. Construct fourth runway and associated taxiways

Facilities and Equipment Improvements
7. Install VOR at OIA

8a. Install CAT III ILS on Runway 18R
8b. Install CAT IIT ILS on all runways
9. Install ASDE

10. Install PRM

Operational Improvements
11. Implement ramp control by users

12. Imple~ent triple parallel approaches (four-runway configuration using PRM)
13. Modifications to terminal airspace

14. Restructure airways

15. Use ground crossover versus air crossovers

16. Segregate GA and helicopter operations from turbojets

User Improvements
17. Encourage GA use of alternative airports by providing new east and west reliever airports
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Philadelphia International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Extend Runway 17/35 600 ft. to the north

Construct new 5,000-ft commuter Runway 8/26 3,000 ft. north of Runway 9R/27L

Relocate Runway 91./27R (laterally) 400 ft. to the south with associated parallel and apron taxiways
Relocate Runway 91/27R (longitudinally) 2,735 ft. to the west

Relocate Runway 9R/27L (longitudinally) 1,000 ft. to the east.

DA

Facilities and Equipment Improvements
6. Install localizer directional aid (LDA) on Runways 9L and 271

6a. LDA approach to Runway 27L with ILS arrivals on Runway 27R
6b. LDA approach to Runway 9L with ILS arrivals on Runway 9R
7. Install Precision Runway Monitor (PRM)

Operational Improvements
8.  Allow restricted air carrier use on Runway 17/35 with arrivals on Runway 35 and departures on
Runway 17

9. Implement preferential taxiway routing

10. Conduct dependent instrument approaches to Runways 27L and 17

11. Conduct dependent instrument approaches to Runways 27R and 17

12. Implement a steep-angle MLS approach to Runway 27L

13. Conduct an airspace capacity design project and re-structure terminal airspace
13a. Remove departure fix restrictions
13b. Install terminal ATC automation (TAT'CA) enhancements
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Phoenix-Sky Harbor International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

Construct new Runway 85/268 south of Runway 8R/26L with associated taxiways
Construct holding aprons at two runway ends

Widen fillets at Taxiways C5 and C7 off of Runway 8R/26L

Holding area southeast of Terminal 3

New angled exit off of Runway 8R/26L to Taxiway C

New angled exit off of Runway 85/26S to Taxiway D

Second midfield crossover Taxiway Y adjacent to Taxiway X

Crossover Taxiway W and associated taxiways at approach ends of Runway 26R
and Runway 26L.

9.  Crossover Taxiway Z from Taxiways B3 to C3

10. Construct Terminal 4 and remove Terminal 1

11a. Extend Taxiway A to end of Runway 26R

11b. Extend Taxiway D to end of Runway 26L

12. Complete northside taxilane (parallel to and north of Taxiway C)

13. Relocation of 161st Air Refueling Group

PN R WD

Facilities and Equipment Improvements
14. TVOR/VORTAC (Carefree) in northern valley
15. ILS (CAT I) for Runway 26R

16. Precision approach for Runway 8L

17. Precision approach for Runway 85/265

18. Potential benefits of MLS at Sky Harbor

19. VORTAC near airport

Operational Improvements

20. Reduce in-trail separations to 2.5 miles

21. Reduce runway occupancy times

22. TFR dependent parallel approaches

23. IFR independent parallel approaches

24. Segregate fast and slow aircraft

25. Reduce arrival to intersection departure separation

26. Reduce in-trail departure restrictions to allow simultaneous departures
27. Reduce noise restrictions to utilize special turboprop corridors

User Improvements

28. Uniformly distribute scheduled commercial operations within the hour
29. Provide attractive alternative facilities for GA at other airports

30. Pilot education for reduced runway occupancy times
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Raleigh-Durham International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

1.
2.

© N o v oA

Relocate Runway SR/23L 1,200 ft. southeast and extend to 9,000 ft. in length
Construct new 8,000 ft. third parallel Runway 5W/23W

Runway SW/23W

2a. 1,000 to 2,400 ft. from Runway 5L/23R

2b. 2,500 ft. from Runway 5L/23R

2¢. 3,000 to 4,300 ft. from Runway 51/23R

Runway 5E/23E

2d. 8,000 ft. runway 1,000 to 2,400 ft. from relocated Runway 5R/23L

2e. 8,000 ft. runway 2,500 ft. from relocated Runway SR/23L

2f. 8,000 ft. runway 3,000 to 4,300 ft. from relocated Runway 5R/23L
Construct new fourth parallel Runway S5E/23E (assumes Runway 5W/23W in place)
3a. Triple independent/dependent arrivals

3b. Triple independent arrivals

Construct dual parallel taxiway near feeder Taxiway E

Construct taxiway from new cergo complex to Runway 5R/23L

Construct full-length dual parallel taxiways for Runway SR

Construct angled exits on Runway 51/23R

Expand holding and sequencing pads and bypass taxiways on Runway 5R/23L. and all future runways

Facilities and Equipment Improvements

9.

10.
11.
12.

Install CAT II/IIT ILS on existing and future runways

Install runway visual range (RVR) on Runway 23L and future runways
Install wake vortex advisory system

Install airport surface detection equipment (ASDE)

Operational Improvements

13.
14.
15.
16.
17.
18.

Implement staggered approaches with 1.5 nm separation

Implement independent approaches to existing runways (Precision Runway Monitor (PRM))

Implement 2.5 nm spacing between similar class, non-heavy aircraft arrivals in IFR
Establish a terminal control area (TCA)

Study noise abatement procedures

Conduct an airspace capacity design project and restructure terminal and en route airspace
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Salt Lake City International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

¥ X NS AW

Construct a parallel runway to the west with independent IFR capability (CAT III ILS on both ends)
Taxiway to Delta Air Lines hangar

Relocate tower

Revised taxiway exit layout

Construct staging areas for Runway 16R/34L at runway entrances

Terminal expansion

Extend Taxiways S and T to west boundary of the terminal ramp

Rehabilitate Taxiways X and Y

Improve aircraft access to cargo facilities

Facilities and Equipment Improvements

10.
11.

12.
13.
14.
15.
16.

17.

CAT I'ILS on Runway 34R

LDA approach to Runway 34R

CAT II1 ILS on Runway 16R

Install Precision Runway Monitor (PRM)

Install Microwave Landing System (MLS)

Install runway visual range (RVR) equipment on Runway 34R
Install Airport Surface Detection Equipment (ASDE)

Install taxiway centerline lights

Operational Improvements

18.
19.
20.

Make Bonneville routing one-way
Reduce in-trail arrival separation standard to 2.5 nm (like class aircraft only)
IFR independent converging approaches

User Improvements

21

Z2.
23.

Reduce runway occupancy times through pilot education (10%, 20%, or 30% runway occupancy time
reduction)

Improve reliever airports (reduce general aviation operations by 10%, 20%, or 30%)
Delta Air Lines ramp control tower
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San Francisco International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
Create holding areas near Runways 10L, 10R, 1R, and 28R

Improve noise barrier for Runway 1R

Extend Runway 191/19R

Extend Runway 28L/28R

Construct independent parallel Runway 28

Extend Taxiway C to threshold of Runway 10L

Create high speed exit from Runway 10L between Taxiways L and P

©® NNk WD

Extend Taxiway T to Taxiway A

Air Traffic Control Improvements
9.  Expand visual approach procedures

10. Offset instrument approach to Runway 28R
11. Use staggered 1-mile divergent IFR departures on Runway 10L/10R

Facilities and Equipment
12. Install Microwave Landing System (MLS) on Runways 28 and 19

User Improvements
13. Taxi aircraft across active runways instead of towing

14. Distribute airline traffic more evenly among three airports
15. Distribute traffic uniformly within the hour

16. Divert 50% general aviation to reliever airports
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San Jose International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Create staging area at Runway 30L

1. Create staging area at Runway 30R
2. Extend and upgrade Runway 11/29
2a. Extension of Runway 30R
3. Create angled exits for Runway 12R

Facilities and Equipment Improvements
4.  Promote use of reliever ILS training facility

5. Install MLS on Runway 30L

Air Traffic Control Improvements
6. Implement simultaneous departure with Moffett Field
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San Juan Luis Mufioz Marin International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
1. Construct new north/south taxiway complex at the west end

la. Single one-way taxiway

1b. Two-directional taxiway

Expand existing north/south taxiway to provide two-directional capability
Extend Taxiway S

Construct new ramp area on south side of airport

Construct new/improve existing exits on Runways 8 and 10

Expand existing Taxiways S and H to dual taxiways adjacent to north and south ramps

NS AN

Construct holding pads (staging areas) on Runways 8 and 10
7a. With three hold positions
7b. With five hold positions

8.  Construct new international passenger terminal

Facilities and Equipment Improvements
9. Upgrade VOR to include doppler

10. Construct new air traffic control tower
11. Install wake vortex advisory system
12. Install terminal ATC automation (TATCA) enhancements

13. Install improved approach aids on Runway 26
13a. Install Precision Approach Path Indicator (PAPI)

Operations Improvements
14. Implement improved oceanic separations (no fix restrictions)

15. Use 2.5 nm separations on final approach
16. Unrestricted use of Runway 10

User Improvements
17. Remove military operations

18. Enhance general aviation (GA) reliever airports and reduce GA activity by 50 %
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Seattle-Tacoma International Airport
Capacity Design Team Project Summary

Recommendations

Improvements to Existing Airfield

Improved exit and taxiway construction

Reduce in-trail spacing to 2.5 nm

CAT I1LS on Runway 16L (IFR-1)

LDA approach to Runway 161/34R and ILS to Runway 16R/34L.

Noise abatement effect on departures

AN S A o

Install wake vortex advisory system

New Runway improvements

Commuter Runway
7. Commuter Runway 17C/35C (converted Taxiway D)

8. LDA to Runways 17C/35C and ILS to Runway 16L./34R
9. Install wake vortex advisory system

Dependent Runway
10. Air carrier (dependent) Runway 16W/34W

11. LDA approaches to Runway 16W/34W

12. CATI1ILS on Runway 16W (IFR-1)

13. CAT I ILS on Runway 16W (over CAT I)

14. CAT I1ILS on Runway 34W (IFR-1)

15. Staggered approaches to Runways 16L/16W and 34R/34W - 2.0 nm stagger

16. Staggered approaches to Runways 16L/16W and 34R/34W - 1.5 nm stagger

17. Operate Runway 16R/34L as primary runway versus Runway 16L/34R with Runway 16W/34W
18. Install wake vortex advisory system

Independent Runway
19. Air carrier (independent) Runway 16 W/34W

20. CAT II on Runway 16W (only)

Demand Management
21. Uniformly distribute scheduled commercial operations
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Lambert-St. Louis International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements

1.

w i

PN

New runway parallel to Runway 12/30R

la. Alternate 1: new independent commuter runway 2500’ from Runway 12L/30R
Ib.  Alternate 2: new dependent commuter runway 1400’ from Runway 12L/30R
le.  Alternate 3: new independent air carrier runway parallel to Runway 12L/30R
Convert Taxiway F to VFR Runway 13/31

Angled exits on Runway 121/30R

Taxiway extensions

4a. Extend Taxiway A south to end of Runway 30L

4b. Extend Taxiway P from Taxiway C to Taxiway M

4c. Extend Taxiway C from Taxiway F to end of Runway 24

Realign Taxiway B off Taxiway A to Runway 12R/30L

Establish queuing areas to various runway ends

Relocate cargo area

Relocate mid coast aviation to northeast

Facilities and Equipment Improvements

9.

10.
11.
12.
13.
14.

15.
16.

Install marker lights and parking lanes in center field remote holding area
Install wake vortex advisory system

Install CAT IIT ILS to reduce approach minima on Runways 121 and 12R
IFR approaches with additional instrumentation on Runway 6

IFR approaches with additional instrumentation on Runway 24

LDA approaches support

14a. Equipment installation on Runway 30L

14b. Equipment installation on Runway 12L

Install light systems at taxiway and runway intersections

Install ASDE

Operational Improvements

17.
18.
19.

20.

21.

Reduce IFR parallel approach stagger to 2 nm

Reduce IFR in-trail separations to 2.5 nm

Converging IFR approaches to

19a. Runways 6 and 30R

19b. Runways 6 and 30L

Converging IFR approaches to

20a. Runways 24 and 30R

20b. Runways 24 and 30L

Simultaneous approaches to ILS Runway 30R, LDA Runway 30L, and ILS Runway 24

User Improvements

22,

23.
24.

Change fleet mix

22a. Relocate GA 25%

22b. Relocate GA 50%

22c. Relocate GA 75%

Distribute scheduled commercial operations within the hour

Relocate Air National Guard
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Washington Dulles International Airport
Capacity Design Team Project Summary

Recommendations

Airfield Improvements
Construct Runway 1W/19W 3,500 ft west of Runway 11/19R
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